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ABSTRACT
T h is  s tu d y  was I n i t i a t e d  to  d e te rm in e  th e  g e o g ra p h ic a l 
v a r i a t i o n  in  wood p r o p e r t i e s  and grow th  t r a i t s  o f  l o b l o l l y  p in e  
t r e e s  from  lo c a l  L o u is ia n a  seed  s o u rc e s , to  i n v e s t i g a t e  seed 
s o u r c e - p la n ta t io n  I n t e r a c t i o n ,  and to  t e s t  f o r  c o r r e l a t i o n  
betw een wood p r o p e r t i e s  and grow th  c h a r a c t e r i s t i c s .
D ata  w ere c o l l e c te d  from  1 3 -y e a r-o ld  t r e e s  d e r iv e d  from  
f iv e  g eo g rap h ic  seed  so u rc e s  (E a s t F e l i c i a n a ,  S t .  Tammany,
V ernon (N) ,  V ernon ( S ) ,  and W ashington p a r i s h e s )  grow ing in  
p la n ta t io n s  lo c a te d  i n  Vernon P a r i s h ,  E a s t F e l ic ia n a  P a r i s h ,  
and W ashington P a r i s h ,  L o u is ia n a . Growth r a t e  (d ia m e te r  and 
h e ig h t)  was m easured and wood c o re  sam ples w ere ta k e n  f o r  
d e te rm in a tio n  o f s p e c i f i c  g r a v i ty ,  t r a c h e id  le n g th ,  p e rc e n ta g e  
la tew o o d , an n u a l r in g  w id th , and c e l l  d im en sio n s .
A nalyses o f  v a r ia n c e  re v e a le d  no s i g n i f i c a n t  d i f f e r e n c e s  
among seed  so u rc e s  i n  d ia m e te r ,  h e ig h t ,  p e rc e n ta g e  la tew o o d , 
and t r a c h e id  le n g th .  S ig n i f i c a n t  seed  so u rc e  v a r i a t i o n  was 
found  f o r  s p e c i f i c  g r a v i t y ,  an n u al r in g  w id th , and c e l l  
d im e n s io n s . T h e re  ap p eared  to  be an  e a s t -w e s t  p a t t e r n  a s s o c ia te d  
w ith  an n u a l r in g  w id th , b u t  no d e f i n i t e  g e o g ra p h ic  p a t t e r n  cou ld  
b e  a s s o c ia te d  w ith  th e  o th e r  c h a r a c t e r i s t i c s .  I t  was a p p a re n t  
t h a t  th e  S t .  Tammany seed  so u rc e  had  th e  h ig h e s t  grow th  r a t e  
and to g e th e r  w ith  th e  V ernon (S) seed  s o u rc e , had th e  h ig h e s t  
s p e c i f i c  g r a v i ty  among th e  f i v e  seed  so u rc e s  t e s t e d .
xii
S ig n i f ic a n t  p la n ta t io n  d i f f e r e n c e s  were found f o r  s p e c i f i c  
g r a v i ty ,  t r a c h e id  le n g th ,  and c e l l  d im e n s io n s , s u g g e s tin g  s tro n g  
en v iro n m en ta l c o n tro l  o v e r th e s e  t r a i t s .
L in e a r  r e g re s s io n  and c o r r e l a t i o n  a n a ly s e s  o f  p e rc e n ta g e  
,,norm al,, s e a so n a l p r e c i p i t a t i o n  ( s p r in g ,  summer, and autumn) 
and grow th  and wood p r o p e r t i e s  re v e a le d  th a t  autumn p r e c i p i t a t i o n  
was c r i t i c a l  f o r  h e ig h t  grow th r a t e  and p ro d u c tio n  o f h ig h  
d e n s i ty  wood, w h ile  s p r in g  and summer p r e c i p i t a t i o n  were 
c r i t i c a l  f o r  d ia m e te r  grow th  r a t e ,  p ro d u c tio n  o f  w id er annual 
r i n g s ,  and la rg e  lumened c e l l s  in  th e  xylem  o f l o b l o l l y  p in e s  
in  t h i s  L o u is ia n a  s tu d y .
Sim ple c o r r e l a t io n  a n a ly s e s  betw een th e  wood p r o p e r t i e s  
and grow th  t r a i t s  showed t h a t  s p e c i f i c  g r a v i ty  was h ig h ly  
p o s i t i v e l y  c o r r e la te d  w ith  c e l l  w a ll th ic k n e s s ,  p e rc e n ta g e  
la tew o o d , t r a c h e id  le n g th  ( i n  th e  b a rk  s e c t io n ) ,  d ia m e te r ,  and 
h e ig h t ,  and was s i g n i f i c a n t l y  n e g a t iv e ly  c o r r e la te d  w ith  c e l l  
lumen w id th . No c o r r e l a t i o n  was found w ith  annual r in g  w id th . 
Latewood and earlyw ood t r a c h e id  le n g th s  w ere h ig h ly  c o r r e la te d  
w ith in  a  grow th r in g  b u t n o t betw een c o re  s e c t io n s  ( p i t h  and 
b a r k ) .  Annual r in g  w id th , d ia m e te r ,  and h e ig h t  w ere s t r o n g ly  
p o s i t i v e l y  c o r r e la t e d .
I t  was concluded t h a t  v e ry  l i t t l e  g e o g ra p h ic  v a r i a t i o n  in  
g row th  and wood p r o p e r t i e s  e x is te d  among th e  f i v e  L o u is ia n a  
seed  s o u rc e s . A lso , th e  d i f f e r e n c e s  i n  perfo rm ance o f seed
xiii
s o u r c e s  among th e  t h r e e  p l a n t i n g  s i t e s  w ere a t t r i b u t e d  t o  a  
g r e a t  d e g re e  t o  d i f f e r e n c e s  i n  r a i n f a l l  d i s t r i b u t i o n  among th e  
t h r e e  p l a n t a t i o n s .
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INTRODUCTION
The u l t im a te  g o a l o f  p rovenance  t e s t i n g  i s  t r e e  im provem ent. 
A ccord ing  to  ZobeL (1971) t h i s  means im provem ent in  g ro w th , form , 
a d a p t a b i l i t y ,  r e s i s t a n c e  to  i n s e c t s  and d i s e a s e s ,  and wood q u a l i t y .
Moving p la n t s  from  t h e i r  n a t iv e  lo c a t io n  to  a n o th e r  a f f e c t s  
t h e i r  g row th  and form  b e ca u se  grow th  i s  a  fu n c t io n  o f th e  g e n e t ic  
make-up o f  th e  p la n t  and th e  env ironm ent where i t  grow s.
G e n e ra lly , some f o r e s t  t r e e  s e le c t io n s  pe rfo rm  b e t t e r  i n  c e r t a i n  
l o c a l i t i e s  th a n  I n d iv id u a ls  o f th e  same s p e c ie s  from  o th e r  p la c e s .  
The b e s t  a d ap ted  g e o g ra p h ic  s t r a i n  o f t r e e s  i s  o f  param ount 
im p o rtan ce  to  f o r e s t e r s  i n  th e  s e l e c t i o n  o f p la n t in g  s to c k  th a t  
can grow a t  minimum c o s t  i n  th e  s h o r t e s t  p o s s ib le  tim e . Use o f  
s to c k  o f th e  wrong g e o g ra p h ic  so u rc e  can  e l im in a te  any chance  o f 
p r o f i t  from  a  p l a n t a t i o n .
I t  I s  th e r e f o r e  Im p e ra tiv e  to  have a  p r a c t i c a l  g u id e  f o r  th e  
c h o ice  o f  th e  b e s t  seed  so u rc e  f o r  r e f o r e s t a t i o n .  C o n v en tio n a l 
p rovenance  t e s t s ,  i n  w hich t r e e s  o f  s e v e ra l  d i f f e r e n t  g e o g rap h ic  
o r ig in s  a r e  p la n te d  to g e th e r  i n  one p la c e  and observed  f o r  a  
number o f y e a rs  u n d er f i e l d  c o n d i t io n s ,  a r e  d esig n ed  to  p ro v id e  
t h i s  in fo rm a tio n . The m ajor o b je c t iv e s  o f  th e s e  t e s t s  a r e  to  
d e te rm in e  g e n e t ic  d i f f e r e n c e s  r e l a t e d  to  g e o g ra p h ic  o r ig i n  and 
to  choose th e  b e s t  r e g io n s  from  w hich to  c o l l e c t  seed  f o r  
com m ercial p u rp o se s . A d d itio n a l in fo rm a tio n  on u n d e r ly in g
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p h y s io lo g ic a l  and g e n e t ic  d i f f e r e n c e s ,  on th e  In h e r i ta n c e  o f  a  
number o f  t r a i t s  o th e r  th a n  grow th r a t e  and form , and on th e  
re sp o n se  o f  g en o ty p es  to  d i f f e r e n t  env iro n m en ts  may a l s o  be 
o b ta in e d  th ro u g h  p ro v en an ce  t e s t i n g .
Growth r a t e  and wood q u a l i t i e s  a r e  m easures o f  th e  p o t e n t i a l  
com m ercial v a lu e  o f  a  p a r t i c u l a r  g e o g ra p h ic  seed  s o u rc e . S p e c i f ic  
g r a v i ty  was once  c o n s id e re d  a s  th e  m ain in d i c a to r  o f  wood q u a l i t y .  
I t  i s  an in d ex  o f  th e  amount o f  wood s u b s ta n c e  in  a  g iv e n  p ie c e
o f  wood, and i s  r e l a t e d  to  c e r t a i n  o th e r  p h y s ic a l  p r o p e r t i e s  o f
wood. A lso , i t  i s  v e ry  s im p le  to  d e te rm in e . However, a  s p e c i f i c  
g r a v i ty  d e te rm in a tio n  does n o t p ro v id e  in fo rm a tio n  ab o u t th e  
a c tu a l  c o n s t i t u t i o n  o f  th e  wood s u b s ta n c e , i . e . , amount o f  
c e l l u l o s e ,  l i g n i n ,  e x t r a c t i v e s ,  e t c . ,  o r  t h e  d i s t r i b u t i o n  o f  
th e s e .  S p e c if ic  g r a v i ty  i s  n o t o n ly  a f f e c t e d  by th e  c e l l  w a ll 
m a te r i a l ,  b u t a l s o  by th e  p ack in g  (a p p a re n t)  d e n s i ty  o f  t h i s  
m a te r ia l  and th e  amount o f  th e  o th e r  c e l l  c o n s t i tu e n t s  such 
a s  e x t r a c t i v e s .
As i t  r e l a t e s  to  t r e e  g ro w th , an  in c r e a s e  in  s p e c i f i c
g r a v i ty  i s  a t t a i n e d  p r i n c i p a l l y  by an in c r e a s e  in  p e rc e n t
latew ood in  th e  an n u a l r in g  and an  in c r e a s e  i n  th e  c e l l  w a ll 
th ic k n e s s  o f t h e  in d iv id u a l  t r a c h e id s .  Wood p r o p e r t i e s ,  a s  
o th e r  c h a r a c t e r i s t i c s ,  v a ry  t h e i r  e x p re s s io n s  among in d iv id u a l s .  
T h is  v a r i a t io n  i s  th e  r e s u l t  o f  th e  g e n e t i c  c o n s t i t u t i o n  o f  th e  
in d iv id u a l  t r e e  and th e  a c t i o n  o f  th e  env ironm ent on t h i s  
g en o ty p e . A cco rd ing  to  Z obel (1 9 7 1 ), wood s p e c i f i c  g r a v i ty  i s
r e a l l y  a  com plex o f  s e v e ra l  c h a r a c t e r i s t i c s  and h a s  responded  
w e ll t o  s e l e c t i o n  b ecau se  i t  i s  h ig h ly  g e n e t i c a l l y  c o n t r o l le d .
T ra c h e id  le n g th  i s  a n o th e r  wood c h a r a c t e r i s t i c  t h a t  a f f e c t s  
wood q u a l i t y .  L ike  s p e c i f i c  g r a v i t y ,  i t  i s  g e n e t i c a l l y  a s  w e ll 
a s  e n v iro n m e n ta lly  c o n t r o l le d  (G reene 1966, Sm ith  1967, Rone 
1970).
H eigh t grow th  r a t e  h a s  a  m odera te  g e n e t ic  component (Van 
B u ijte n e n  1963, 1969) b u t d ia m e te r  i s  more a f f e c t e d  by 
env ironm ent (Van B u ijte n e n  1963, S te in h o f f  and H off 1971).
S in c e  grow th p e r  se  i s  g e n e t i c a l l y  c o n t r o l l e d ,  wood w i l l  be 
a f f e c t e d  by g e n e t ic  m a n ip u la tio n  o f  grow th r a t e  to  th e  e x te n t  
t h a t  th e  two a r e  r e l a t e d .  The grow th  r a t e - s p e c i f i c  g r a v i ty  
r e l a t i o n s h i p  i s  c o n t r o v e r s ia l  and v a r i e s  w ith  s p e c ie s  and 
g e o g ra p h ic  lo c a t io n .
Knowledge o f  th e  amount o f g e o g ra p h ic  v a r i a t i o n  i n  a  
s p e c ie s  i s  o f param ount im p o rtan ce  b e fo re  any  f u r t h e r  g e n e t ic  
im provem ent m ethod, such a s  s e l e c t i o n  and b re e d in g , i s  
a tte m p te d  b ecau se  i t  h e lp s  d e te rm in e  th e  l i m i t s  f o r  g e n e t ic  
im provem ent. S e v e ra l s tu d ie s  h av e  been  made in v o lv in g  d i f f e r e n t  
g e o g ra p h ic  seed  so u rc e s  o f  l o b l o l l y  p in e  (P in u s  ta e d a  L . )
(L an tz  and Hofman 1969, W ells 1969, S a u c ie r  and T a ra s  1967, Thor 
and Brown 1962) b u t th e  seed so u rc e s  s tu d ie d  w ere u s u a l ly  w id e ly  
d i s t r i b u t e d .  The p r e s e n t  s tu d y  was d e s ig n e d  t o  d e te rm in e  th e  
amount o f  v a r i a t i o n  i n  grow th and  wood p r o p e r t i e s  o f  l o b lo l ly  
p in e  p o p u la t io n s  w ith in  a  sm all p o r t i o n  o f  th e  s p e c ie s  ran g e
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i n  s o u th e rn  L o u is ia n a . The s p e c i f i c  o b je c t iv e s  o f  t h i s  
I n v e s t ig a t io n  o f l o b l o l l y  p in e  seed  so u rc e s  w ere:
1. To d e te rm in e  th e  e x te n t  o f v a r i a t i o n  in  grow th r a t e ,  
s p e c i f i c  g r a v i ty ,  p e rc e n ta g e  o f  la tew o o d , av erag e  an n u a l r in g  
w id th , t r a c h e id  le n g th ,  and c e l l  d im ensions among f iv e  
so u th e rn  L o u is ia n a  p o p u la t io n s  o f l o b l o l l y  p in e  r e p l i c a t e d  a t  
t h r e e  p la n t in g  s i t e s .
2 . To t e s t  f o r  c o r r e l a t i o n s  betw een th e s e  c h a r a c t e r i s t i c s .
3 . To in v e s t i g a t e  seed  so u rce -en v iro n m en t i n t e r a c t i o n s  
th ro u g h  e v a lu a t io n  o f th e  d a ta  from  th e  t h r e e  p la n t in g  s i t e  
r e p l i c a t i o n s .
REVIEW OF LITERATURE
H e r l t a b i l i t y  and v a r i a t i o n  s tu d ie s  o f  m easu rab le  t r e e  
c h a r a c te r s  u s u a l ly  u se  m a te r ia ls  from  progeny  t e s t s ,  seed  
so u rc e  s tu d i e s ,  and p lu s  o r  e l i t e  t r e e s  In  n a tu r a l  s ta n d s .  
S p e c i f ic  g r a v i ty  and t r a c h e id  le n g th  d im ension  have  been  th e  most 
in t e n s iv e ly  s tu d ie d  wood p r o p e r t i e s .  L i t e r a t u r e  on th e  s u b je c t  
o f  wood v a r i a t i o n ,  c o r r e l a t i o n ,  and in h e r i t a n c e  i s  vo lum inous. 
T h e re fo re , th e  l i t e r a t u r e  c i t e d  i n  t h i s  rev iew  i s  o n ly  t h a t  
w hich i s  most r e le v a n t  to  t h i s  s tu d y . Goggans (1962) p re s e n te d  
q u i t e  an  i n te n s iv e  re v ie w  o f  r e s e a r c h  on th e  g e n e t i c s  o f wood 
p r o p e r t i e s  th ro u g h  1961. The l i t e r a t u r e  rev iew ed  f o r  t h i s  
i n v e s t i g a t i o n  i s  summ arized and p re s e n te d  u n d er th e  b road  
c a te g o r ie s  o f v a r i a t i o n ,  i n h e r i t a n c e ,  and c o r r e l a t i o n  i n  each  
wood p ro p e r ty  o r  t r a i t .
V a r ia t io n
S p e c i f ic  g r a v i ty
T h ere  i s  a  w ide ra n g e  o f v a r i a t i o n  i n  s p e c i f i c  g r a v i ty  
w i th in  an  in d iv id u a l  t r e e  (S p u rr  and H suing 1954). W ith in  th e  
s tem  o f  many c o n i f e r s ,  s p e c i f i c  g r a v i ty  g e n e r a l ly  in c re a s e s  
from  th e  p i t h  outw ard  to  th e  cambium and d e c re a s e s  from  th e  
b a se  o f  th e  t r e e  tow ard  th e  crow n. W hile e x c e p tio n s  can  be 
fo u n d , t h i s  g e n e r a l  p a t t e r n  h a s  b een  r e p o r te d  by numerous 
a u th o rs  (P au l 1957, Wellwood 1960, Zobel and Me Elwee 1958, 
P a n sh in  e t  a l .  1964).
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G e o g rap h ic  v a r i a t i o n  i n  wood s p e c i f i c  g r a v i t y  h a s  been  
w e ll  d o cum en ted . I n  g e n e r a l ,  f o r  t h e  com m ercia l s o u th e r n  p in e s  
( P in u s  ta e d a  L . , P . e l l l o t t i i  E n g e lm ., e t c . ) ,  wood s p e c i f i c  
g r a v i t y  i s  h ig h e r  i n  th e  s o u th e r n  and c o a s t a l  p a r t s  o f  th e  s p e c ie s  
ra n g e  and  d e c r e a s e s  n o rth w a rd  and  in la n d  (Z o b e l e t  a l . 19 7 2 ). The 
p a t t e r n  f o r  i n d i v i d u a l  s p e c ie s  i s  more com plex , how ever. F o r 
l o b l o l l y  p in e ,  wood d e n s i t y  d e c r e a s e s  fro m  s o u th  to  n o r th  i n  th e  
C o a s ta l  P l a i n  w h ile  i n  th e  w e s te rn  p a r t  o f  th e  r a n g e ,  d e n s i t y  
d e c r e a s e s  from  n o r th  t o  s o u th  (Z o b e l e t  a l . 1960, J a c k so n  and 
S t r i c k l a n d  1 9 6 2 ). In  th e  s o u th e r n  p a r t  o f  i t s  ra n g e  i t  in c r e a s e s  
fro m  e a s t  t o  w e s t .  I n  c o n t r a s t ,  L a n tz  an d  Hofman (1969) found  
t h a t  v a r i a t i o n  i n  s p e c i f i c  g r a v i t y  o f  young l o b l o l l y  p in e  in  
N o rth  C a r o l in a  was a s s o c i a t e d  w i th  p l a n t a t i o n  l o c a t i o n ,  w ith  
a l l  g e o g ra p h ic  s o u rc e s  e x h i b i t i n g  t h e i r  h ig h e s t  s p e c i f i c  g r a v i t i e s  
i n  c o a s t a l  p l a n t a t i o n s .
To d e te rm in e  w h e th e r s p e c i f i c  g r a v i t y  i s  a f f e c t e d  by  s i t e  
f a c t o r s ,  Z obel and Rhodes (1955) to o k  wood sam p les  from  some 
7000 t r e e s  fro m  v ig o ro u s  se c o n d -g ro w th  s ta n d s  i n  E a s t  T e x a s .
They c o n c lu d e d  t h a t  t h e  I n t e r a c t i o n  o f  t h e  s i t e  and  g e n e t i c  
f a c t o r s  p la y s  a  l a r g e  r o l e  i n  p ro d u c in g  d i f f e r e n c e s  i n  s p e c i f i c  
g r a v i t y .  M i tc h e l l  and W heeler (1 9 5 9 ) s tu d ie d  s p e c i f i c  g r a v i t y  
v a r i a t i o n  i n  th e  m a jo r s o u th e rn  p i n e s ,  and c o n c lu d e d  t h a t  th e  
v a r i a t i o n  p a t t e r n  f o r  l o b l o l l y  p in e  showed a  good r e l a t i o n s h i p  
w i th  w arm -seaso n  r a i n f a l l .  They fo u n d  t h a t  t h i s  r e s u l t e d  i n  a  
b r o a d ly  d ia g o n a l  e f f e c t  o f  i n c r e a s i n g  s p e c i f i c  g r a v i t y  from
n o r th w e s te rn  to  th e  s o u th e a s te r n  p a r t  o f  M is s is s ip p i .  A nother 
seed  so u rc e  s tu d y  o f  l o b l o l l y  p in e  (Thor and Brown 1962) showed 
t h a t  i n  T enn essee  th e  s p e c i f i c  g r a v i ty  o f  th e  s ix  so u rc e s  was 
s i g n i f i c a n t l y  d i f f e r e n t .
V a r ia t io n  i n  s p e c i f i c  g r a v i ty  f o r  o th e r  so u th e rn  p in e s  
( e . g . ,  s l a s h ,  s h o r t l e a f ,  lo n g le a f ,  and V ir g in ia  p in e )  h a s  a ls o  
b een  re p o r te d  by  numerous a u th o r s .  S p e c i f ic  g r a v i ty  o f  s e le c te d  
s l a s h  p in e  from  th ro u g h o u t th e  s p e c ie s  ra n g e  was d e te rm in ed  
from  b r e a s t - h e ig h t  wood sam ples by Goddard and S tr ic k la n d  (1962). 
G rouping th e  t r e e s  i n t o  r e l a t i v e l y  d i s c r e t e  g eo g rap h ic  a r e a s ,  
th e y  found t h a t  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  i n  wood d e n s i ty  
e x i s t  betw een a r e a s ,  in c r e a s in g  from  w est to  e a s t  and from  n o rth  
to  so u th  i n  a  d e f i n i t e  p a t t e r n .  F o r s h o r t l e a f  p in e ,  (F in u s  
e c h in a ta  M i l l . ) ,  th e  v a r i a t i o n  p a t t e r n  f o r  s p e c i f ic  g r a v i ty  was 
more pronounced i n  a  n o r th - s o u th  d i r e c t i o n  th a n  e a s t-w e s t  (Posey 
and B rid g w a te r  1970), I n  t h e i r  s tu d y , s p e c i f i c  g ra v i ty  was 
d e te rm in ed  from  b o th  u n e x tra c te d  and e x t r a c t i v e - f r e e  wood. The 
v a r ia n c e  a s s o c ia te d  w ith  seed  so u rc e  was g r e a t e r  f o r  s p e c i f i c  
g r a v i ty  o f  e x t r a c t i v e - f r e e  wood th a n  f o r  u n e x tra c te d  wood, 
in d ic a t in g  t h a t  e x t r a c t i v e s  may te n d  to  mask a c tu a l  s p e c i f i c  
g r a v i ty  d i f f e r e n c e s  betw een s o u rc e s .
I n  a  s tu d y  conducted  i n  V i r g in i a ,  s p e c i f i c  g r a v i ty  among seed 
so u rc e s  o f  lo n g le a f  p in e  (P in u s  p a l u s t r i s  M i l l . )  was found  to  be 
s i g n i f i c a n t l y  d i f f e r e n t  (S a u c ie r  and T a ra s  1966). One F lo r id a  
so u rc e  had s i g n i f i c a n t l y  low er s p e c i f i c  g r a v i ty  th a n  a l?  o th e r
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s o u rc e s  t e s t e d  and was le s s  f r o s t  r e s i s t a n t .  A lthough d a ta  
in d ic a te d  a  r a c i a l  d i f f e r e n c e  i n  s p e c i f i c  g r a v i t y ,  a  v a l id  
c o n c lu s io n  canno t be made b e c a u se  o f  confounding  by th e  
in c o m p a tib le  env ironm ent o f  th e  p la n t a t i o n  s i t e  which i s  f a r  
n o r th  o f  th e  n a tu r a l  ran g e  o f  lo n g le a f  p in e .  I t  i s  p o s s ib le  t h a t  
d i f f e r e n c e s  among so u rc e s  i n  s u s c e p ta b i l i t y  to  f r o s t  damage may 
have caused  o r  w ere a s s o c ia te d  w ith  s p e c i f i c  g r a v i ty  d i f f e r e n c e s  
o b serv ed  i n  th e  s tu d y . When th e  F lo r id a  seed  so u rc e  was o m itte d  
from  th e  a n a ly s is  o f  v a r ia n c e ,  th e r e  w ere no s i g n i f i c a n t  
d i f f e r e n c e s  i n  s p e c i f i c  g r a v i ty  among th e  o th e r  f iv e  so u rc e s  
( V i r g in ia ,  L o u is ia n a , M is s i s s ip p i ,  G eo rg ia , and South  C a r o l in a ) .  
S p e c i f ic  g r a v i ty  o f  V ir g in ia  p in e  (P in u s  V irgin ians. M i l l . ) ,  
how ever, showed s i g n i f i c a n t  d i f f e r e n c e s  among 13 n a tu r a l  s ta n d s  
i n  Kentucky and T en n essee  (T hor 1964). D if f e re n c e s  in  s p e c i f i c  
g r a v i ty  among b o th  t r e e s  and  s ta n d s  proved to  be  la r g e ly  due to  
d i f f e r e n c e s  in  th e  amount o f  e x t r a c t i v e s  i n  t h i s  c a s e , 
i l l u s t r a t i n g  t h a t  e x t r a c t i v e  c o n te n t may s e rv e  to  c r e a te  
d i f f e r e n c e s  i n  s p e c i f i c  g r a v i ty  a s  w e ll a s  to  mask th e s e  
d i f f e r e n c e s  in  o th e r  in s ta n c e s .
G eographic v a r i a t i o n  i n  s p e c i f i c  g r a v i ty  f o r  some o th e r  
co m m ercia lly  im p o r ta n t p in e s  h a s  a l s o  been  s tu d ie d .  Rees and 
Brown (1954) In  c o r r e l a t i n g  wood d e n s i ty  and seed  so u rc e  i n  a  
young p l a n ta t io n  o f  re d  p in e  (P in u s  r e s in o s a  A i t . )  t r i e d  to  
h o ld  c o n s ta n t  o r  s t a t i s t i c a l l y  u n ifo rm  a l l  v a r i a b le s  t h a t  m ight 
in tr o d u c e  s y s te m a tic  v a r i a t i o n  i n  th e  a v e rag e  s p e c i f i c  g r a v i ty
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b y  l o c a l i t i e s .  U sing t r e e s  from  18 so u rc e s  grown in  th e  same 
p l a n t a t i o n  f o r  17 y e a r s ,  th e y  found t h a t  th e r e  w ere s i g n i f i c a n t  
d i f f e r e n c e s  i n  s p e c i f i c  g r a v i ty  among seed  s o u rc e s . However, 
when one so u rc e  was o m itte d , no s i g n i f i c a n t  d i f f e r e n c e s  were 
d e te c te d  among th e  rem a in in g  17 so u rc e s . I t  was th e r e f o r e  
concluded  t h a t  th e  wood p roduced  in  t r e e s  from  a l l  o th e r  so u rc e s  
d id  n o t d i f f e r  i n  d e n s i ty .  T h is  f in d in g  was s im i la r  t o  t h a t  o f 
P e te r s o n  (1967) whose p rovenance  s tu d y  re v e a le d  a  s l i g h t  b u t 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in  s p e c i f i c  g r a v i ty  among 
p ro v en an ces  o f  re d  p in e .
G e o g ra p h ic a lly , s p e c i f i c  g r a v i ty  o f  w h ite  p in e  (P in u s  s tro b u s  
L . )  and re d  p in e  g e n e r a l ly  te n d s  to  I n c r e a s e  from  n o r th  to  so u th  
and from w est to  e a s t  (G ilm ore  1968). W hile th e  d i r e c t i o n a l  
e f f e c t  i s  n o t a s  pronounced in  th e s e  n o r th e rn  s p e c ie s ,  th e s e  
r e s u l t s  conform  to  th e  p a t t e r n s  found f o r  th e  so u th e rn  p in e s .
P rovenance  s tu d ie s  i n  S c o ts  p in e  (P in u s  s v l v e s t r i s  L . )  a l s o  
showed wood s p e c i f i c  g r a v i t y  to  be s i g n i f i c a n t l y  d i f f e r e n t  among 
seed  so u rces  (E ch o l3 1958 and Dorn 1969).
When g e o g ra p h ic  v a r i a t i o n  in  s p e c i f i c  g r a v i ty  o f  f iv e - y e a r -  
o ld  ja ck  p in e  (P in u s  b a n k s ia n a  Lam b.) was an a ly zed  by King (1 9 6 8 ) ,he  
found  th a t  even  though r e a l  d i f f e r e n c e s  e x is te d  among seed  
s o u rc e s , th e  s e l e c t i o n  o f  seed  so u rc e s  f o r  h ig h e r  s p e c i f i c  
g r a v i ty  i s  a p p a r e n t ly  n o t f e a s i b l e  i n  t r e e s  o f  t h i s  age  b ecau se :
( 1) th e  o v e r - a l l  v a r i a t i o n  i n  s p e c i f i c  g r a v i ty  in  ju v e n i le  wood 
i s  to o  low to  a llo w  any  m ean ing fu l s e l e c t i o n ;  ( 2 ) th e r e  i s  a 
s tro n g  n e g a tiv e  c o r r e l a t i o n  betw een s p e c i f i c  g r a v i ty  and grow th
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r a t e  in  ju v e n i le  wood and (3 ) grow th r a t e  h a s  o n ly  a  m inor e f f e c t  
on s p e c i f i c  g r a v i ty  in  m atu re  t r e e s .  I t  i s  a p p a re n t t h a t  a s  t r e e s  
m a tu re , f a c t o r s  o th e r  th a n  grow th r a t e  assume an in c r e a s in g  
im p o rtan ce  i n  d e te rm in in g  s p e c i f i c  g r a v i ty .
T ra c h e ld  le n g th
The w i th in - t r e e  v a r i a t i o n  p a t t e r n  f o r  t r a c h e ld  le n g th  in  
c o n i f e r s  i s  rem ark ab ly  s im i l a r  to  t h a t  o f  s p e c i f i c  g r a v i ty .  
C o n ife ro u s  t r a c h e id s ,  a t  an y  g iv e n  h e ig h t ,  in c r e a s e  i n  le n g th  
from  th e  p i t h  outw ard (E c h o ls  1955, Kramer 1957, D adsw ell and 
W ardrop I9 6 0 , Choong e t  al^. 1970), I n  l o b lo l ly  p in e ,  t r a c h e id  
le n g th  in c re a s e d  to  a  maximum w ith  in c r e a s in g  h e ig h t  In  th e  t r e e ,  
and th e n  v a r ie d  i r r e g u l a r l y  (G reene 1966). Jack so n  and G reene 
(1957) r e p o r te d  t h a t  t h e r e  was no d i f f e r e n c e  i n  le n g th  o f earlyw ood 
o r  latew ood t r a c h e id s  in  s l a s h  and l o b l o l l y  p in e s .  However,
D adsw ell and W ardrop (1960) found t h a t  t r a c h e id s  o f  latew ood w ere 
s l i g h t l y  lo n g e r  th a n  th o s e  o f  earlyw ood in  P in u s  r a d i a t a  D.
V a r ia t io n  i n  t r a c h e id  le n g th  among t r e e s  w i th in  a  s ta n d  and 
among g e o g ra p h ic  a r e a s  d o es  e x i s t .  Kramer (1957) found t h a t  t h e r e  
w ere la r g e  d i f f e r e n c e s  i n  t r a c h e id  le n g th  in  a  l o b l o l l y  s ta n d .
T h is  was co n firm ed  by Zobel e t  a l .  (1960) who a ls o  d is c o v e re d  
la r g e  and s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  t r a c h e id  le n g th  
betw een  t r e e s  from  d i f f e r e n t  p h y s io g ra p h ic  a r e a s .  In  t h e i r  s tu d y , 
a  g ra d u a l in c r e a s e  i n  t r a c h e id  le n g th  i n  a  n o r th - to - s o u th  
d i r e c t i o n  was a p p a re n t .  T h is  n o r th - to - s o u th  in c r e a s e  i n  t r a c h e id  
le n g th  was a l s o  found f o r  s h o r t l e a f  p in e  (P osey  e t  a l .
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1970) and f o r  S c o ts  p in e  (Dorn 1 9 6 8 ), b u t V i r g in i a  p in e  t r a c h e id  
le n g th  in c re a s e d  from  so u th  t o  n o r th  (Thor 1964).
I n  o th e r  p rovenance  s tu d ie s  o f  c o n ife ro u s  s p e c ie s ,  t r a c h e id  
le n g th  was found to  v a ry  among seed  so u rc e s  b u t  no c l i n a l  
p a t t e r n s  w ere e v id e n t .  E cho ls  (1958) found t h a t  S c o ts  p in e  t r e e s  
from  d i f f e r e n t  p ro v en an ces  had s i g n i f i c a n t l y  d i f f e r e n t  t r a c h e id  
le n g th . H enderson and P e t ty  (1972) r e p o r te d  t h a t  i n  lo d g ep o le  
p in e  (P in u s  c o n to r ta  D o u g l.) t r a c h e id  le n g th  was s i g n i f i c a n t l y  
d i f f e r e n t  betw een p ro v e n a n ce s . F o r s e v e ra l  M exican s p e c ie s ,
Zobel (1965) p re s e n te d  ev id en ce  to  show th a t  t r a c h e id  le n g th  
v a r ie d  among g e o g ra p h ic  a r e a s .
King (1968) d e te rm in ed  th e  t r a c h e id  le n g th s  o f ja c k  p in e  
from  100 seed  so u rc e s  and found s i g n i f i c a n t  d i f f e r e n c e s .  He 
concluded  t h a t  t r a c h e id  le n g th  a s  e s tim a te d  from  th r e e - y e a r - o ld  
wood may g iv e  a  f a i r  i n d ic a t io n  o f  m a tu re - t r e e  t r a c h e id  le n g th  
when a  w ide ran g e  o f  g e n e t ic  d i v e r s i t y  i s  u n d e r in v e s t i g a t i o n .  
Posey e t  a l .  (1970) found h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  i n  
t r a c h e id  le n g th  among seed  so u rc e s  in  10- y e a r - o ld  s h o r t l e a f  p in e  
(P in u s  e c h in a ta  M i l l . )  grown in  one o f two p la n t a t i o n s  i n  
Oklahoma. I n  th e  o th e r  p l a n t a t i o n ,  d i f f e r e n c e s  w ere n o t 
s t a t i s t i c a l l y  s i g n i f i c a n t  in d i c a t in g  a  v e ry  h ig h  d e g re e  o f  
g e n e tic -e n v iro n m e n ta l  i n t e r a c t i o n  i n  t h i s  t r a i t .  I n  an e a r l i e r  
s tu d y , T hor and Brown (1962) found  th a t  t r a c h e id  le n g th  o f  
l o b lo l ly  p in e  d id  n o t show s i g n i f i c a n t  d i f f e r e n c e s  among s ix  
seed  so u rc e s  t e s t e d  i n  T en n essee . S im ila r  r e s u l t s  w ere found  fo r  
Norway s p ru c e  (P ic e a  a b i e s ) ( S t a i r s  and Adapa 1969).
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T ra c h e ld  c r o s s - s e c t i o n a l  d im e n s io n
The v a r i a t i o n  p a t t e r n  f o r  t r a c h e id  c r o s s - s e c t i o n a l  
d im e n s io n  i s  n o t a s  w e l l  i n v e s t i g a t e d  a s  t h a t  f o r  s p e c i f i c  
g r a v i t y  o r  t r a c h e id  l e n g th ,  b u t  p u b l is h e d  d a ta  (H a ta  1949,
M i l le r  1959) seem t o  i n d i c a t e  t h a t  th e  v a r i a t i o n  fo l lo w s  a  
p a t t e r n  s i m i l a r  t o  t h a t  o f  t r a c h e i d  le n g th .  The d ia m e te r  and 
w a ll  th i c k n e s s  o f th e  earlyw ood  t r a c h e i d s  i n c r e a s e  from  th e  
p i t h  t o  t h e  cambium w h ile  d ia m e te r  o f  th e  la tew o o d  t r a c h e i d s  i s  
v a r i a b l e  i n  P in u s  and  L a r ix  (S c h u ltz e -D e w itz e  195 8 ), They a l s o  
found  t h a t  w a ll  t h i c k n e s s  o f  la tew o o d  t r a c h e i d s  te n d e d  t o  
i n c r e a s e  fro m  th e  p i t h  o u tw a rd .
T h e re  a r e  i n d i c a t i o n s  t h a t  t r a c h e id  c r o s s - s e c t i o n a l  
d im e n s io n  v a r i e s  n o t  o n ly  w i th in  a  t r e e  b u t  a l s o  b e tw een  t r e e s  
and among p ro v e n a n c e s . I n  a  p ro v e n a n ce  s tu d y  i n  P in u s  c o n t o r t a  
D o u g l.,  H en derson  and  P e t t y  (1 9 7 2 ) fo u n d  t h a t  t h e  w id th  o f  
t r a c h e i d s  d i f f e r e d  s i g n i f i c a n t l y  b e tw een  two p ro v e n a n c e s .
P r o p o r t io n  o f  la tew o o d
P r o p o r t io n  o f  la te w o o d , l i k e  s p e c i f i c  g r a v i t y ,  u s u a l l y  
i n c r e a s e s  f r om th e  p i t h  to w ard  th e  cambium a s  r i n g  t r id th  d e c r e a s e s .  
T h is  change  from  p i t h  t o  cambium i n  c o n i f e r s  i s  g e n e r a l l y  
r e c o g n iz e d  and  h a s  b e e n  r e p o r t e d  by  R en d le  (1 9 5 8 b ) . P a u l  (1 9 3 9 ) 
and  Young (1952) s t a t e d  t h a t ,  i n  a  r i n g ,  th e  p e r c e n ta g e  o f  
la tew o o d  d e c re a s e d  fro m  th e  g ro u n d  l e v e l  t o  th e  to p  o f  th e  t r e e .  
K ennedy (1961) fo u n d  c o n s id e r a b le  b e tw e e n - t r e e  v a r i a t i o n s
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d u r in g  earlyw ood  c e s s a t i o n  I n  D o u g l a s - f l r ,  w ith  l a r g e  p r o p o r t io n s  
o£ la tew o o d  when fo rm a tio n  o f  early w o o d  c e a se d  e a r l y .  H ow ever,
Van f iu l j te n e n  (1955) o b se rv e d  t h a t  m a tu re  l o b l o l l y  p in e  I n  T ex as  
o c c a s io n a l l y  d e v e lo p e d  a  seco n d  ea rly w o o d  r i n g  I f  a  w et p e r io d  
fo llo w e d  a  p ro lo n g e d  summer d ro u g h t .
V ery  l i t t l e  h a s  b e en  r e p o r te d  c o n c e rn in g  th e  g e o g r a p h ic a l  
v a r i a t i o n  o f  p e r c e n ta g e  la te w o o d . L a rso n  (1957) fo u n d  t h a t  
p e r c e n ta g e  la tew o o d  i n  s l a s h  p in e  in c r e a s e d  from  n o r th  t o  s o u th  
and  w e st t o  e a s t  w i th in  th e  s p e c ie s  r a n g e .  I n  a  p ro v e n a n c e  s tu d y ,  
Klem (1957) d is c o v e re d  t h a t  Norway s p ru c e  o f  German o r i g i n  had  
a  h ig h e r  s p e c i f i c  g r a v i t y  th a n  n a t iv e  s p ru c e  b e c a u s e  i t  g rew  
f o r  a  lo n g e r  p e r io d  d u r in g  e ac h  y e a r  and th u s  p ro d u c e d  m ore 
la te w o o d . A c o m p ariso n  o f  wood p r o p e r t i e s  o f  c o a s t a l  and 
i n t e r i o r  p ro v e n a n c e s  o f  lo d g e p o le  p in e  r e v e a le d  t h a t  p e r c e n ta g e  
o f  la tew o o d  d i f f e r e d  s i g n i f i c a n t l y  b e tw een  th e  tw o p ro v e n a n c e s  
(H enderson  an d  P e t t y  197 2 ).
W id th  o f  a n n u a l r i n g
W i th in - t r e e  v a r i a t i o n  i n  t h e  w id th  o f  a n n u a l  r i n g s  i s  w e l l  
e s t a b l i s h e d .  W idth  o f  a n n u a l r i n g  d e c r e a s e s  from  p i t h  t o  b a rk .  
Many i n v e s t i g a t o r s  a l s o  r e c o g n iz e  t h e  e x i s t e n c e  o f  corew ood and 
m aturew ood i n  a  t r e e ;  h o w ev er, t h e s e  two ty p e s  o f  wood m ust b e  
d i f f e r e n t i a t e d  i n  s t u d i e s  o f  r i n g  w id th .  Compared to  m atu rew ood , 
t h e  co rew ood , w hich  o c c u r s  i n  t h e  c e n t e r  p o r t i o n  o f  t h e  b o le ,  
h a s  w ide  g ro w th  r i n g s ,  v e ry  l i t t l e  la te w o o d , s h o r t  t r a c h e i d s ,  and 
low  d e n s i t y .  No d e f i n i t e  l i n e  o f  d e m a rc a tio n  can  b e  e s t a b l i s h e d
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betw een corewood and maturewood w ith in  an  in d iv id u a l  t r e e ,  f o r  
th e  t r a n s i t i o n  from  cme ty p e  o f  wood to  th e  o th e r  ta k e s  p la c e  
g ra d u a l ly  o v e r  s e v e ra l  y e a r s .  The d u r a t io n  o f corewood fo rm a tio n  
v a r i e s  w ith  s p e c ie s .  I n  a  g roup  o f l o b l o l l y  p in e  s tu d ie d  by 
Z obel and Me E lw ee (1 9 5 8 ), corewood ex ten d ed  outw ard  from  th e  
p i t h  fo r  a p p ro x im a te ly  sev en  an n u al r in g s  a t  any h e ig h t  in  th e  
m erch an tab le  p o r t i o n  o f t h e  b o le .  In  a  l a t e r  s tu d y , Zobel e t  a l .  
(1959) r e p o r te d  t h a t  corewood fo rm a tio n  i s  e x trem e ly  v a r i a b l e ,  
ra n g in g  from f i v e  to  e ig h t  y e a r s  f o r  s l a s h  p in e  and from  seven  
to  11 y ea rs  f o r  lo b lo l ly  p in e .  In  M onterey p in e  (P in u s  r a d i a t a  
D. ) , corewood i s  formed f o r  n in e  to  15 y e a r s  (E n tr ic a n  1957). F o r 
s l a s h  p in e  and hoop p in e  (A ra u c a r ia  cu n n in g h an tii) ,  Jen n in g s  (1957) 
r e p o r te d  t h a t  i n  Q ueensland th e  corewood was a p p ro x im a te ly  f i v e  
in c h e s  in  d ia m e te r  a t  t h e  o n e - fo o t  l e v e l  and in c lu d e d  a l l  wood 
form ed in  th e  f i r s t  r in g s  from  th e  p i t h .
V a r ia t io n  i n  w id th  o f  an n u a l r in g s  h a s  been  found  among t r e e s  
an d  g eo g rap h ic  lo c a t io n s .  H enderson and  P e t ty  (1972) compared 
th e  wood p r o p e r t i e s  o f c o a s t a l  and i n t e r i o r  p ro v en an ces  o f  
lo d g ep o le  p in e  and th ey  found  t h a t  r i n g  w id th  s i g n i f i c a n t l y  
d i f f e r e d  b e tw een  th e  two p ro v e n a n ce s . I n  l o b lo l ly  p in e ,  Thor 
and  Brown (1962) re p o r te d  t h a t  th e  v a r i a t i o n  i n  r a t e  o f grow th 
among seed s o u rc e s  r e s u l t e d  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  r in g  
w id th , and t h i s  e f f e c t  may have  a cc o u n te d  f o r  th e  v a r i a t i o n  
p a t t e r n  in  s p e c i f i c  g r a v i ty .  However, Dorn (1968) d id  n o t f in d
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any  d i f f e r e n c e s  i n  grow th r a t e  among S c o ts  p in e  p ro v en an ces, 
even  th ough  th e r e  w ere d i f f e r e n c e s  i n  an n u a l r in g  w id th .
Growth r a t e
I n  th e  S o u th e rn  P in e  Seed S o urce  S tu d y , W ells (1969) 
r e p o r te d  t h a t  f o r  h e ig h t  grow th o f  l o b lo l ly  p in e  th e re  was a  
h ig h  d e g re e  o f  i n t e r a c t i o n  betw een  p la n t in g  lo c a t io n  and seed  
so u rc e  w ith  a  d e f i n i t e  g eo g ra p h ic  p a t t e r n .  I n  m ost o f th e  
p l a n t in g s ,  t r e e s  from  seed c o l l e c t e d  in  a r e a s  w ith  h ig h  summer 
r a i n f a l l  and m ild  w in te r s  were t a l l e s t ,  b u t i n  th e  two c o ld e s t  
p l a n t in g  lo c a t io n s ,  M aryland and T en n essee , t r e e s  from such  
a r e a s  w ere o u tp e rfo rm ed  by th o s e  from  a r e a s  w ith  low summer 
r a i n f a l l  and c o ld  w in te r s .  I t  i s  a l s o  q u i t e  a p p a re n t t h a t  l o b lo l ly  
p in e  c o a s ta l  so u rc e s  have  f a s t e r  grow th  r a t e s  th a n  in la n d  
s o u rc e s ,  as  co n firm ed  by K raus (1968) i n  a  s tu d y  on th e  
g e o g ra p h ic  v a r i a t i o n  o f  l o b l o l l y  p in e  i n  G e o rg ia . In  h is  s tu d y , 
t h e r e  w ere o n ly  m ino r e x c e p tio n s  to  t h i s  p a t t e r n  which w ere 
a p p a r e n t ly  due to  l o c a l  s i t e  c o n d i t io n s  i n  th e  G eorgia f la tw o o d s . 
I n  th e  Southw ide P in e  Seed S o urce  S tudy  i n  A labam a, S a u c ie r  and 
T a ra s  (1967) r e p o r te d  t h a t  i n  a  1 3 -y e a r -o ld  l o b lo l ly  p in e  
p l a n t a t i o n ,  c o a s ta l  so u rc e s  e x h ib i te d  g r e a t e r  volume and d ry  
w e ig h t th a n  in la n d  s o u rc e s . I n  a n o th e r  s tu d y  i n  North C a r o l in a ,  
th e  g row th  o f  l o b l o l l y  p in e  from  c o a s ta l  seed  so u rces  was 
s u p e r io r  to  t h a t  o f  P iedm ont, s a n d h i l l s ,a n d  f a l l  l in e  seed  
so u rc e s  (L an tz  and Hofman 1969). They r e p o r te d  th a t  th e  c o a s t a l  
so u rc e s  produced up to  13 p e rc e n t  g r e a t e r  volum es and d ry
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w e ig h ts  th an  o th e r  s o u rc e s . L o b lo lly  p in e  from  lo c a l  seed  so u rces  
in  L o u is ia n a , how ever, d id  n o t show any s i g n i f i c a n t  v a r i a t i o n  i n  
h e ig h t  and volum e (Crow 1964). In  s l a s h  p in e  grown i n  S ou th  
F l o r i d a ,  S a u c ie r  and Dorman (1969) found th a t  th e r e  was g r e a t  
v a r i a t i o n  i n  volum e grow th  among seed  s o u rc e s .
I n h e r i t a n c e
Most r e s u l t s  o f  h e r i t a b i l i t y  s tu d ie s  a r e  b ased  on d a ta  from  
young t r e e s  and o n ly  a  few  on d a ta  from  o ld e r  t re e B . I t  can be 
p r e d ic te d  t h a t  th e  g e n e t i c  v a r i a t i o n  and h e r i t a b i l i t y  v a lu e s  
w i l l  change a s  th e  t r e e s  grow o ld e r  b ecau se  th e  corewood i s  
more s e n s i t i v e  t o  e n v iro n m en ta l in f lu e n c e s  th a n  th e  m aturewood. 
A ls o , t r a c h e id  c h a r a c t e r i s t i c s  change more r a p id ly  d u r in g  th e  
f i r s t  seven to  t e n  y e a r s .  The g e n e t i c  v a r ia n c e  and h e r i t a b i l i t y  
v a lu e s  o b ta in e d  from  young t r e e s  sh o u ld  th e n  be  u sed  o n ly  a s  
g u id e l in e s  f o r  t r e e  im provem ent u n t i l  d a ta  from  m atu re  t r e e s  
a r e  a v a i l a b le .  T h ere  a r e  some a u th o r s  (S to n ecy p h er and Zobel 
1 9 6 6 ), how ever, who co n ten d  t h a t  e a r ly  ag e  g e n e t ic  v a lu e s  can 
be  u sed  to  p r e d i c t  v a lu e s  o f  l a t e r  a g e s .
From th e s e  s tu d i e s ,  i t  i s  a p p a re n t  t h a t  some wood p r o p e r t i e s  
a r e  h e r i t a b l e  a s  shown below .
S p e c i f i c  g r a v i ty
C o n s id e ra b le  e v id en c e  h a s  been  accu m u la ted  to  show th a t  
th e  s p e c i f i c  g r a v i ty  o f  wood i s  s t r o n g ly  i n h e r i t e d .  I n  t r i a l s
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o f s ix - y e a r - o ld  p ro g e n ie s  o f  l o b lo l ly  p in e  (Van B u ijte n e n  1963) 
and in  a  l a t e r  s tu d y  o f  m ie ro p u lp in g  l o b lo l ly  p in e  g r a f t s  f o r  
ex trem e wood s p e c i f i c  g r a v i ty  (Van B u ijte n e n  e t  a l .  1968 ), a  
s tro n g  in h e r i t a n c e  o f  wood s p e c i f i c  g r a v i ty  was fo u n d . In  a 
s tu d y  o f  in h e r i t a n c e  o f  o p e n -p o l l in a te d  P in u s  ta e d a  L. p ro g e n ie s ,  
S to n ecy p h er and Zobel (1966) r e p o r te d  t h a t  th e r e  i s  a  c lo s e  
agreem ent betw een h e r i t a b i l i t y  e s t im a te s  o f s p e c i f i c  g r a v i ty  f o r  
t h r e e -  and f iv e - y e a r  o ld  m a te r i a l .  T h e ir  r e s u l t s  in d ic a te d  th a t  
mean p rogeny  v a lu e s  o f  s p e c i f i c  g r a v i ty  a t  e a r ly  a g es  can  be u sed  
to  p r e d i c t  s p e c i f i c  g r a v i ty  a t  l a t e r  a g e s . F o r u n e x tra c te d  
s p e c i f i c  g r a v i ty  in  th e  th r e e - y e a r - o ld  p l a n t a t i o n ,  n a rro w -sen se  
h e r i t a b i l i t y  was 0 .7 2 ,  w h ile  f o r  th e  f iv e - y e a r - o ld  p la n ta t io n  
th e  n a rro w -se n se  h e r i t a b i l i t y  was 0 .7 3 .  Jack so n  and W arren
(1962) s tu d ie d  th e  v a r i a t i o n  and in h e r i t a n c e  i n  s la s h  p in e  and 
lo b l o l l y  p in e  p ro g en y  and found a  h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  
betw een s p e c i f i c  g r a v i ty  o f  tw o -y e a r-o ld  b ra n c h es  and t h a t  o f  
stem  wood. The s p e c i f i c  g r a v i ty  o f  th e  p rogeny  i n  b o th  s p e c ie s  
was s i g n i f i c a n t l y  c o r r e l a t e d  w ith  t h a t  o f  th e  p a r e n ts .  They 
co n c lu d ed  th a t  s p e c i f i c  g r a v i ty  o f  th e  f i r s t  two r in g s  o f  
branchwood can th e r e f o r e  b e  u sed  f o r  e v a lu a t in g  v a r i a t i o n s  
i n  young p rog en y .
Goggans (1 9 6 4 ) , i n  h i s  c o r r e l a t i o n  and in h e r i t a n c e  s tu d y  
o f  c e r t a i n  wood p r o p e r t i e s  i n  l o b l o l l y  p in e ,  i n t e r p r e t e d  
h e r i t a b i l i t i e s  by r e l a t i v e l y  ra n k in g  th e  19 c h a r a c t e r i s t i c s
18
a c c o rd in g  to  th e  e a se  w ith  w hich p ro g re s s  may be made i n  a 
s e l e c t i o n  p rogram . From t h i s  r a n k in g , i t  was concluded  th a t  
la tew ood t r a c h e id  le n g th ,  p e rc e n ta g e  o f  latew ood i n  th e  c o re ,  
and s p e c i f i c  g r a v i ty  o f  th e  c o re  a r e  th e  th r e e  c h a r a c t e r i s t i c s  
f o r  w hich p ro g re s s  th ro u g h  s e le c t io n  co u ld  be o b ta in e d . Brown 
and K le in  (1961) s tu d ie d  th e  wood d e n s i ty  o f  tw o -y e a r-o ld  
p ro g en y  from  c o n t r o l le d  p o l l i n a t io n s  o f  l o b lo l ly  p in e .  C ro sses  
w ere made betw een p a r e n ts  b o th  h av in g  h ig h  s p e c i f i c  g r a v i ty ,  
b o th  w ith  low s p e c i f i c  g r a v i ty ,  and a l s o  betw een law and h ig h  
s p e c i f i c  g r a v i ty  p a r e n t s .  S ig n i f i c a n t  d i f f e r e n c e s  betw een 
p ro g en y  o f  th e  d i f f e r e n t  c ro s s e s  w ere fo u n d , and th e  ra n k in g  o f  
th e  p rogeny  groups su g g es te d  t h a t  wood d e n s i ty  was u n d er s tro n g  
g e n e t i c  c o n t r o l .  T hese  a u th o rs  co ncluded  th a t  th e  p ro g en y  g ro u p s 
i n h e r i t e d  d e n s i ty  d i f f e r e n c e s  ap p ro x im a te  to  th e  s p e c i f i c  
g r a v i ty  d i f f e r e n c e s  betw een  th e  p a re n t  t r e e s  and t h a t  s e l e c t io n  
o f  t r e e s  f o r  h ig h  o r  low d e n s i ty  ap p ea re d  to  be f e a s i b l e .  Zobel 
and Rhodes (1957) a n a ly se d  th e  p rogeny  o f  th r e e  a p p a r e n t ly  
s e l f - p o l l i n a t e d  l o b l o l l y  p in e s  and found  t h a t  th e  h ig h e r  d e n s i ty  
p a r e n t  had h ig h e r  d e n s i ty  p rogeny  th a n  th e  low d e n s i ty  p a r e n t .
The in h e r i t a n c e  o f  com pression  wood, and i t s  g e n e t ic  
c o r r e l a t i o n s  w ith  s i x  o th e r  t r a i t s  i n  f iv e - y e a r - o ld  l o b lo l ly  p in e ,  
was s tu d ie d  by S h e lb o u rn e  e t  a l .  (1 9 6 9 ). They re p o r te d  t h a t  
n a rro w -se n se  h e r i t a b i l i t i e s  o f  th e  seven  t r a i t s  ranged  from  
0 .9 5  to  0 .2 3 ,  p e rc e n ta g e  o f  co m pression  wood h av in g  th e  h ig h e s t  
v a lu e ,  fo llo w ed  by s p e c i f i c  g r a v i ty .  The h ig h  h e r i t a b i l i t i e s  o f
0 .7 3  f o r  s p e c i f i c  g r a v i ty  and 0 .9 5  f o r  com pression  wood i n d i c a t e  
a  la rg e  amount o f  a d d i t iv e  g e n e t i c  v a r ia n c e  f o r  th e s e  c h a r a c te r s  
i n  th e  n a tu r a l )  u n B elec ted  p o p u la t io n  th e y  sam pled .
In  s la s h  p in e ,  th e  in h e r i t a n c e  o f  s p e c i f i c  g r a v i ty  has been  
s tu d ie d  by numerous r e s e a r c h e r s  (S q u i l la c e  e t  a l . 1962,
E in sp a h r e t  al_. 1964, Goddard and C ole 1966). I n  a  p rogeny  t e s t  
o f  s la s h  p in e ,  Goddard and C ole (1966) r e p o r te d  a  s i g n i f i c a n t  
c o r r e l a t i o n  betw een  p a r e n t  and p rogeny  s p e c i f i c  g r a v i ty  w hich 
a cco u n ted  f o r  24 p e rc e n t  o f  p rogeny  v a r ia n c e s .  Based on th e  
h a l f - s i b  p r o g e n ie s ,  h e r i t a b i l i t y  o f  s p e c i f i c  g r a v i ty  was 0 .4 3 . 
U sin g  1 2 -to  1 4 -y e a r -o ld  c lo n e s  o f  P in u s  e l l i o t t i i  E ngelm ., 
S q u i l la c e  et^ a l . (1962) found a  n a rro w -se n se  h e r i t a b i l i t y  o f  
0 .7 3  f o r  s p e c i f i c  g r a v i ty .  E in sp a h r  e t  a l .  (1 9 6 4 ) , made a  
h e r i t a b i l i t y  s tu d y  o f  v a r io u s  p r o p e r t i e s  o f  m ic ro -p u lp ed  wood 
from  20 f iv e - y e a r - o ld  g r a f t e d  t r e e s .  E leven  o f  th e s e  w ere 24 f e e t ,  
h ig h  and 2 .7  to  5 .8  In c h e s  in  d .b .h .  L ig n in  and e x t r a c t i v e  
c o n te n ts  w ere a l s o  d e te rm in ed  an d , o f  th e  p r o p e r t i e s  m easured , 
f i b e r  le n g th ,  f i b e r  s t r e n g th ,  and l i g n in  p e rc e n ta g e  h ad , a t  0 .8 4 ,
0 .7 4 ,  and 0 .7 2 ,  r e s p e c t iv e ly ,  th e  h ig h e s t  b ro a d -s e n s e  
h e r i t a b i l i t y  v a lu e s .  H e r i t a b i l i t i e s  f o r  s p e c i f i c  g r a v i ty ,  
p e rc e n ta g e  o f  la tew ood  and p u lp  y i e ld  w ere a b o u t 0 .5 .
F ie ld in g  and Brown (1960) r e p o r te d  t h a t  i n  s ix - y e a r - o ld  
o p e n - p o l l in a te d  p rogeny  from  14 p a r e n ts  of M onterey p in e ,  th e  
n a rro w -se n se  h e r i t a b i l i t y  o f  s p e c i f i c  g r a v i ty  was 0 .2 .  U sing 
b o th  c lo n a l  and s e e d l in g  m a te r ia l  to  d e te rm in e  h e r i t a b i l i t i e s
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o f  e ig h t - y e a r - o ld  M onterey p in e ,  D adsw ell e t  al_. (I9 6 0 ) r e p o r te d  
t h a t  f o r  g row th  r in g s  2 th ro u g h  8 , g ro s s  h e r i t a b i l i t y  o f  w hole 
r in g  d e n s i ty  was 0 .7 4  when b ased  on c lo n a l  m a te r ia l  and 0 .5 7  
when based  on s e e d l in g  m a te r i a l .  Under th e  same c o n d i t io n s ,  g ro s s  
h e r i t a b i l i t y  o f  latew ood d e n s i ty  was 0 .4 5  i n  c lo n a l  m a te r ia l .
Kennedy (1 9 6 6 ) , d e te rm in ed  th e  h e r i t a b i l i t y  o f  some wood 
p r o p e r t i e s  o f  P ic e a  a b le s  c lo n e s .  He found  t h a t  s p e c i f i c  g r a v i ty  
o f  th e  whole r in g  (0 .2 7 9  - 0 .3 7 5 ) was h ig h ly  c o r r e la te d  w ith  
p e rc e n ta g e  la tew ood  and s p e c i f i c  g r a v i ty  o f  e a r ly  wood. The 
e s t im a te d  b ro a d -s e n s e  h e r i t a b i l i t y  f o r  s p e c i f i c  g r a v i ty  was 0 .8 4  
f o r  th e  w hole r in g  (ra n g e  w ith in  r in g  0 ,8 6  - 0 .5 6 ) .  The same 
s p e c ie s  was s tu d ie d  by Rone (1970) u s in g  tw o- and th r e e - y e a r - o ld  
s e e d l in g  p ro g en y  o f  s ix  o p e n -p o l l in a te d  t r e e s .  A n a ly s is  o f  h i s  
s tu d y  showed t h a t  i t  was d i f f i c u l t  to  s e l e c t  s im u lta n e o u s ly  f o r  
h ig h  wood d e n s i ty  and r a p id  grow th  r a t e .  Mean d e n s i ty  in  th e  
p o p u la t io n  d id  n o t v a ry  and h e r i t a b i l i t y  o f  wood d e n s i ty  was low. 
I n  P in u s  p i n a s t e r , P o lg e  and I l l y  (1968) found  t h a t  th e  
h e r i t a b i l i t y  v a lu e  f o r  mean d e n s i ty  was 0 .7 5  f o r  f o u r - y e a r - o ld  
s e e d l in g s  from  n in e  f a m i l i e s .  H e r i t a b i l i t y  e s t im a tio n  by p rogeny- 
p a r e n t  r e g r e s s io n s  i n  seven  f a m i l ie s  showed a  h ig h  in h e r i t a n c e  
o f  s p e c i f i c  g r a v i t y .
T ra c h e id  le n g th
I n  c o n i f e r s ,  t r a c h e id  le n g th  i s  m o d e ra te ly  to  h ig h ly  
h e r i t a b l e  i n  a t  l e a s t  th e  f i r s t  n in e -y e a r s  in c rem en t (S m ith  1967).
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I n t e r s p e c i f i c  d i f f e r e n c e s  i n  th e  d e g re e  o f g e n e t ic  c o n tro l  o f 
la tew ood t r a c h e id  le n g th  were fo u n d , and th e  latew ood t r a c h e id  
le n g th  seems to  b e  r a t h e r  more h ig h ly  h e r i t a b l e  th a n  earlyw ood 
t r a c h e id  le n g th . A lthough  no h e r i t a b i l i t y  v a lu e s  were g iv en  by 
G reene (1966) f o r  a  p rogeny  t e s t  from  open and c o n tro l le d  
p o l l i n a t e d  lo b lo l ly  p in e ,  i t  i s  im p lie d  t h a t  t r a c h e id  le n g th  i s  
h e r i t a b l e .  He co n c lu d ed  th a t  t r a c h e id  le n g th  may be a l t e r e d  by 
s e l e c t i o n ,  c o n t r o l le d  c ro s s in g ,  and  s e l f i n g ,  and th a t  b re e d in g  
f o r  long  o r  s h o r t  t r a c h e id  le n g th  i s  f e a s i b l e .
A number o f p ro g en y  s tu d ie s  g iv e  ev id en ce  o f  h e r e d i ta r y  
in f lu e n c e  on t r a c h e id  le n g th . A ccord ing  to  G reene (1 956), 
d i f f e r e n t  s t r a in s  o f  l o b lo l ly  p in e  and s la s h  p in e  e x h ib i t  
i n i t i a l  t r a c h e id  le n g th s  t h a t  a r e  s i g n i f i c a n t l y  d i f f e r e n t .
S ix ty - s e v e n  p e rc e n t  o f  th e  s la s h  p in e  p a re n ts  w ith  s i g n i f i c a n t l y  
lo n g e r  t r a c h e id s  p ro d u ced  o p e n -p o l l in a te d  p rogeny  w ith  lo n g e r  
t r a c h e i d s .  In  r e p o r t in g  on t r a c h e id  le n g th  v a r i a t i o n  in  s la s h  and 
l o b l o l l y  p in e s ,  J a c k so n  and G reene (1957 , 1958) s ta t e d  t h a t  th e  
t r a c h e id  le n g th  i n  t h e  progeny c o n t r o l le d  c ro s s e s  was in te r m e d ia te  
to  t h a t  o f  th e  p a r e n t s .  For M onterey p in e ,  D adsw ell e t  a l .
(1961) r e p o r te d  b ro a d -s e n s e  h e r i t a b i l i t y  f o r  t r a c h e id  le n g th  to  
be  0 .7 3  based  on g ro w th  r in g s  two th ro u g h  e ig h t  in  c lo n a l  m a te r i a l .  
When g row th  r in g s  s i x ,  seven , and e i g h t ,  w ere u se d , h e r i t a b i l i t y  
o f  t r a c h e id  le n g th  in c re a s e d  to  0 .8 1 .  E cho ls  (1956) re p o r te d  
t r a c h e id  le n g th s  i n  t h e  F^ p ro g e n ie s  o f  known c ro s s e s  o f  s la s h  
p in e  to  be in te r m e d ia te  between t h e i r  p a r e n ts .  He concluded t h a t
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t r a c h e id  le n g th  ap p ea red  to  be  under r i g i d  g e n e t ic  c o n t r o l  and 
s t a t e d  f u r t h e r  t h a t  th e  p a t t e r n  suggested  t r a c h e id  le n g th  
in h e r i ta n c e  was governed  by a  m u ltip le  g ene  s e r i e s .
T ra c h e id  c r o s s - s e c t i o n a l  d im ension
T here  a r e  few  r e p o r t s  on th e  h e r i t a b i l i t y  o f t r a c h e id  
c r o s s - s e c t i o n a l  d im en sio n . Chowdhury (1931) examined th e  wood 
o£ h y b rid  la r c h  and found  th e  ta n g e n t ia l  d ia m e te r  and w a ll  
th ic k n e s s  o f  th e  t r a c h e id s  to  be  in te r m e d ia te  between t h e  same 
p r o p e r t i e s  o f  th e  p a r e n t s .  Sm ith (1967) r e p o r te d  t h a t ,  i n  y e llo w  
p o p la r  ( L ir io d e n d ro n  t u l i p e r a  L . ) ,  h e r i t a b i l i t y  o f c e r t a i n  
t r a c h e id  c r o s s - s e c t i o n a l  d im ensions i s  a p p a r e n t ly  q u i te  h ig h  
w i th in  in d iv id u a l  e a r ly -fo rm e d  r in g s .  The p a t t e r n  o f  v a r i a t i o n  
in  t r a n s v e r s e  t r a c h e id  d im en sio n  i s  a l s o  a p p a r e n t ly  g e n e t i c a l l y  
c o n t r o l le d .
P e rh ap s  th e  s t r o n g e s t  ev id en ce  o f th e  in h e r i ta n c e  o f  
c r o s s - s e c t i o n a l  d im en sio n s  o f c o n ife ro u s  t r a c h e id s  i s  t h a t  th e  
v a r i a t i o n  p a t t e r n  seems to  be s im ila r  to  th o s e  wood d e n s i t y  and 
t r a c h e id  le n g th  w hich a r e  un d er s tro n g  g e n e t i c  c o n tro l (Goggans 
1962),
P ro p o r t io n  o f  la tew ood
F or l o b l o l l y  p in e ,  Van B u ijte n en  e t  a l . (1968) s u g g e s te d  
t h a t  th e r e  i s  c o n s id e ra b le  ev id en ce  t h a t  p e r c e n t  la tew ood  and 
s p e c i f i c  g r a v i ty  a r e  s t r o n g ly  in h e r i t e d .  T h is  was f u r t h e r  
con firm ed  by  G lad s to n e  e t  a l .  (1970) in  t h e i r  i n v e s t ig a t io n
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o f  k r a f t  p u lp in g  i n  earlyw ood and latew ood o f l o b l o l l y  p in e .  They 
re p o r te d  t h a t  th e  d i f f e r e n t i a l  y ie ld s  from  earlyw ood and latew ood 
in d ic a te  an  i n d i r e c t  in h e r i t a n c e  o f  c e l l u lo s e .  The h e r i t a b i l i t y  
o f  latew ood p e rc e n ta g e  i s  r e l a t i v e l y  s t r o n g ,  and B lnce  latew ood 
y ie ld e d  two t o  seven  p e rc e n t  more p u lp  (o v en d ry , u n e x tra c te d  
b a s i s )  a  t r e e  w ith  h ig h e r  s p e c i f i c  g r a v i ty  would b e  e x p ec ted  to  
y i e ld  g r e a t e r  amount o f c e l l u l o s e .  E in sp a h r  e t  a l . (1964) 
found some b ro a d -s e n s e  h e r i t a b i l i t y  v a lu e s  in  t h e i r  s tu d y  on 
s la s h  p in e .  They re p o r te d  t h a t  p e rc e n t  latew ood h a s  a  
b ro a d -s e n s e  h e r i t a b i l i t y  o f  ab o u t 0 .5 .  L ik ew ise , D adsw ell e t  a l . 
(1961) found  in d ic a t io n s  o f  h e r i t a b i l i t y  a t  p e rc e n ta g e  o f  
latew ood i n  M onterey p in e .  He re p o r te d  t h a t  b ro a d -s e n s e  
h e r i t a b i l i t y  f o r  grow th r in g s  two th ro u g h  e ig h t  (fro m  th e  p i th )  
i n  c lo n a l m a te r ia l  was 0 .5 4  and i n  s e e d l in g  progeny th e  
n a rro w -se n se  h e r i t a b i l i t y  was 0 .4 7 .
W idth o f  a n n u a l r in g
The a u th o r  was n o t a b le  to  f in d  a  s tu d y  th a t  d e a l t  s o le ly  
w ith  h e r i t a b i l i t y  o f  an n u a l r in g  w id th . T here  a r e  r e p o r t s ,  
how ever, w hich  show s p e c i f i c  g r a v i ty  and  w id th  o f a n n u a l r in g s  
a r e  c o r r e l a t e d ,  which i n  e f f e c t  I n d ic a te s  t h a t  w id th  o f  an n u al 
r in g s  co u ld  b e  i n h e r i t e d .  P o lg e  and I l l y  (1968) s tu d ie d  th e  
h e r i t a b i l i t y  o f  wood d e n s i ty  and c o r r e l a t i o n s  w ith  g row th  in  
fo u r - y e a r - o ld  P in u s  p i n a s t e r . They found  t h a t  in  wood from  th e  
w e s te rn  s id e  o f  th e  t r e e ,  an n u a l r in g  w id th  and s p e c i f i c  g r a v i ty  
a r e  p o s i t i v e l y  c o r r e l a t e d ,  b o th  betw een fa m il ie s  and  w ith in
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f a m i l i e s .  In  Norway s p ru c e ,  M ergen e t  a l . (1 9 6 4 ) r e p o r te d  t h a t  
p e r c e n ta g e  o f  la tew o o d  and r i n g  w id th  a r e  h ig h ly  c o r r e l a t e d .
H e ig h t  and d ia m e te r
V a r i a t i o n  and  h e r i t a b i l i t y  o f  wood an d  g ro w th  c h a r a c t e r i s t i c s  
o f  f i v e - y e a r - o l d  q u a k in g  a s p e n  ( P o p u lu s  t r e m u lo id e s  M ich x .) w ere 
s tu d i e d  by  E in s p a h r  e t  a l .  ( 1 9 6 7 ) ,  who found  t h a t  th e  n a rro w - 
s e n s e  h e r i t a b i l i t y  e s t im a te s  b a se d  on i n t e r c l a s s  c o r r e l a t i o n s  
and p ro g e n y /n d d -p a re n t  r e g r e s s i o n  d a ta  i n d i c a t e  m o d era te  
p o s s i b i l i t i e s  f o r  g e n e t i c  im provem ent o f h e ig h t  and d ia m e te r  
g ro w th . T h ese  tw o c h a r a c t e r i s t i c s  a r e  s l i g h t l y  h e r i t a b l e .  The 
r e s u l t  was s i m i l a r  f o r  l o b l o l l y  p in e  when Van B u i j te n e n
(1 9 6 3 ) found  a  m o d e ra te  i n h e r i t a n c e  o f  h e ig h t  and d ia m e te r  
g ro w th . S te in h o f f  and H off (1 9 7 1 ) made an  e s t im a te  o f  h e r i t a b i l i t y  
o f  h e ig h t  g ro w th  i n  w e s te rn  w h ite  p in e  (P in u s  s t r o b u s  L . )  b a sed  
on p a r e n t - p r o g e n y  r e l a t i o n s h i p s  and fo u n d  t h a t  th e  a v e r a g e  f o r  
th e  v a r io u s  e s t i m a te s  in c r e a s e d  by  one an d  a  h a l f  t im e s  a s  
th e  g ro w th  r a t e  o f  th e  p r o g e n ie s  a p p ro x im a te ly  d o u b le d . I n  a  
s tu d y  i n  P o p u lu s  d e l t o i d e s , Mohn and  R a n d a ll  (1971) fo u n d  t h a t  
h e ig h t  an d  d ia m e te r  w ere s t r o n g l y  c o r r e l a t e d  g e n e t i c a l l y  and 
p h e n o ty p ic a l ly .  P h e n o ty p ic  and g e n o ty p ic  c o r r e l a t i o n s  b e tw een  
m easu rem en ts  made i n  th e  f i r s t  t h r e e  y e a r s  and th o s e  i n  t h e  
s i x t h  y e a r  w ere  h ig h .
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C o r r e la t io n
S p e c i f ic  g r a v i ty  a s  r e l a t e d  to  g ro w th » p e rc e n t  la tew o o d . 
t r a c h e id  le n g th ,  and t r a c h e id  c ro B B -B ec tio n a l d im ension
L i t e r a t u r e  on th e  r e l a t i o n s h i p  betw een  grow th  and s p e c i f i c  
g r a v i ty  i s  b o th  abundan t and c o n t r o v e r s i a l .  I t  i s  g e n e r a l ly ,  
b e l ie v e d  t h a t  c o r r e l a t i o n  o f th e  two i s  n o t v e ry  s tro n g  in  
c o n i f e r s  (Z obel and Rhodes 1955, L arso n  1957, M i l le r  1959,
Z obel e t  a l .  1960, G ilm ore e t  a l ,  1961, Thor 1964, 1965, Zobel 
e t  a l . 1969) p r im a r i ly  b e ca u se  h a l f  o f  th e  v a r i a t i o n  i n  s p e c i f i c  
g r a v i ty  i s  a t t r i b u t e d  to  v a r i a t i o n  i n  p e rc e n ta g e  o f  la tew ood . 
A ccord ing  to  th e  TAPPI F o r e s t  B io logy  Commit t e e  ( I 9 6 0 ) ,  an 
a p p re c ia b le  p a r t  o f  th e  d e n s i ty  v a r i a t i o n  th a t  h a s  been 
a t t r i b u t e d  to  w id th  o f  g row th  r in g  i s  i n  r e a l i t y  a s s o c ia te d  
w ith  a g e ; r in g  w id th  o f t r e e s  o f th e  same age h a s  r e l a t i v e l y  
l i t t l e  in d e p en d e n t in f lu e n c e  upon e i t h e r  s p e c i f i c  g r a v i ty  o r  th e  
p e rc e n ta g e  o f  la tew o o d . Z obel e t  a l .  (1958) had e a r l i e r  co n clu d ed  
t h a t  th e re  i s  l i t t l e  r e l a t i o n s h i p  betw een grow th and s p e c i f i c  
g r a v i ty  in  wood o f  l o b l o l l y  p in e  o f  th e  same a g e . In  d i r e c t  
c o n t r a s t ,  weak to  s tro n g  n e g a tiv e  c o r r e l a t i o n s  have been  r e p o r te d  
f o r  young s o u th e rn  p in e  t h a t  have n o t e n co u n te red  i n t r a s p e c i f i c  
o r  i n t e r s p e c i f i c  c o m p e tit io n  (S to n ecy p h e r and Z obel 1960, 
S q u i l la c e  e t  a l .  1962, Van B u ijte n e n  1963, P o lge  and I l l y  1968, 
S a u c ie r  and Dorman 1969).
On th e  o th e r  han d , W heeler and M itc h e ll  (1962) r e p o r te d  
t h a t  d ia m e te r ,  when t e s t e d  in d e p e n d e n tly  o f  o th e r  v a r ia b le s ,
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was s i g n i f i c a n t l y  r e l a t e d  to  th e  in c rem en t c o re  s p e c i f i c  
g r a v i ty  o f  th e  fo u r  m a jo r so u th e rn  p in e s .  W ith th e  e x c e p tio n  
o f s la s h  p in e ,  th e y  found  t h a t  d ia m e te r -a g e  and s p e c i f i c  
g r a v i ty  w ere s i g n i f i c a n t l y  r e l a t e d .  In  red  p in e  (P in u s  r e s in o s a  
A i t . ) ,  Jay n e  (1958) and P e te rs o n  (1967) found s i g n i f i c a n t  
c o r r e l a t i o n  betw een g row th  and s p e c i f i c  g r a v i ty .
S tu d y in g  th e  r e l a t i o n s h i p  o f s p e c i f i c  g r a v i ty  to  grow th 
r a t e ,  Dorn (1968) r e p o r te d  t h a t  i n  some S c o ts  p in e  p ro v en an ces  
th e r e  e x i s t s  a  p o s i t i v e  c o r r e l a t i o n  betw een  s p e c i f i c  g r a v i ty  and
grow th r a t e .  S t a i r s  and Adapa (1 9 6 9 ) , how ever, found a  n e g a tiv e
c o r r e l a t i o n  betw een g row th  r a t e  and s p e c i f i c  g r a v i ty  in  P ic e a  
a b i e s .
Latewood i s  made up o f  t r a c h e id s  h av in g  narro w  lum ens and 
th ic k  w a l l s ,  c o n se q u e n tly  i t  has  a  much h ig h e r  d e n s i ty  th a n  
earlyw ood . Because o f  t h i s  h ig h e r  d e n s i ty ,  numerous i n v e s t i g a t o r s  
have found a  s tro n g  r e l a t i o n s h i p  betw een  s p e c i f i c  g r a v i ty  and 
p e rc e n ta g e  o f  la tew ood i n  c o n i f e r s  (S c h a fe r  1949, Sm ith  1956, 
L arson  1957, M il le r  1959, Van B u ijte n e n  e t  a l .  1961, S q u i l la c e
e t  a l .  1962, Mergen e t  a l^  1964).
The t r a c h e id  c r o s s - s e c t i o n a l  d im en sio n s  p e r  se  a r e  r e l a t e d  
to  many p r o p e r t i e s  o f wood and wood p ro d u c ts  (Pew and K nechtges 
1939, Wellwood 1961) and th e s e  d im en sio n s  have a  s i g n i f i c a n t  
e f f e c t  on s p e c i f i c  g r a v i t y .  E ch o ls  (1958) and Z obel e t  a l .
(1961b) r e p o r te d  t h a t  t r a c h e id  d ia m e te r  and w a ll th ic k n e s s  i n
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t h e  s o u th e r n  p in e s  h a v e  a  m a jo r e f f e c t  on wood d e n s i t y .
C o r r e la t io n  b e tw ee n  s p e c i f i c  g r a v i t y  and t r a c h e i d  le n g th  
i s  n o t  c l e a r  and r e p o r t s  on t h i s  r e l a t i o n s h i p  h av e  b e en  
c o n f l i c t i n g .  S m ith  (1 9 5 9 ) i n  h i s  s t u d i e s  w ith  p la n ta t io n - g r o w n  
hoop p in e ,  c o u ld  f i n d  no r e l a t i o n s h i p  be tw een  t r a c h e i d  le n g th  
and wood d e n s i t y .  Kram er (1957) o b ta in e d  no s i g n i f i c a n t  
c o r r e l a t i o n  b e tw een  th e s e  c h a r a c t e r i s i t l c s  i n  h i s  w ork w ith  
l o b l o l l y  p in e .  H ow ever, i n  t h e i r  s tu d y  o f  v a r i a t i o n  p a t t e r n s  
o f  wood p r o p e r t i e s  i n  l o b l o l l y  p i n e ,  Z obel e t  a l . (1 9 6 0 ) found  
a  s i g n i f i c a n t ,  th o u g h  s m a l l ,  n e g a t iv e  c o r r e l a t i o n  b e tw een  
s p e c i f i c  g r a v i t y  an d  ' t r a c h e id  le n g th  when co m p arin g  t r e e s  on 
a n y  one s i t e .  On t h e  o th e r  h a n d , C ra ig  e t  a l .  (1 9 6 6 ) found  a  
n e g a t iv e  b u t  s i g n i f i c a n t  r e l a t i o n s h i p  i n  l o b l o l l y  p in e  grown 
i n  M ary land  and  D e la w a re . I n  S c o ts  p in e ,  an  i n c r e a s e  i n  a v e ra g e  
t r a c h e i d  le n g th  was fo u n d  to  b e  accom pan ied  by  a  d e c r e a s e  i n  
a v e r a g e  wood d e n s i t y  (E c h o ls  1 9 5 8 ). I t  i s  i n t e r e s t i n g  t o  n o te ,  
h o w ev er, t h a t  D a d sw e il e t  a l .  (1 9 6 1 ) found  a  p o s i t i v e  c o r r e l a t i o n  
b e tw een  f i b e r  le n g th  and  d e n s i t y  o f  th e  e n t i r e  a n n u a l  r i n g  i n  
P in u s  r a d i a t a  when th e y  u sed  th e  6 th ,  7 th ,  and  8 th  a n n u a l r i n g s .  
B u t i n  A b ie s  l a s i o c a r p a , Kennedy and  W ilson  (1954) found  t h a t  
t h e  c o rk -b a rk e d  t r e e s  h ad  wood w ith  h ig h e r  d e n s i t y  and s h o r t e r  
f i b e r s  th a n  th e  sm o o th -b a rk ed  t r e e s .
T r a c h e id  le n g th  a s  r e l a t e d  to  g ro w th , p e r c e n t  la te w o o d , and 
t r a c h e i d  c r o s s - s e c t i o n a l  d im e n s io n
R e p o r ts  on t h e  r e l a t i o n s h i p  o f  t r a c h e id  le n g th  t o  d ia m e te r
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grow th  r a t e  a r e  a l s o  c o n t r a d ic to r y .  Many r e s e a r c h e r s  (H ata  
1949, B is s e t  e t  a l .  1951, E cho ls  1958, Z obel e t  a l .  1960, Thor 
1964) have r e p o r te d  t h a t  th e  r e l a t i o n s h i p  i s  n e g a t iv e ;  o th e r s  
have  e i t h e r  found  a  p o s i t i v e  c o r r e l a t i o n  (Kennedy 1957, Cech 
e t  a l .  1960, Kennedy and Sm ith 1960, Wellwood I9 6 0 , T hor 1965, 
P osey  e t  a l .  1970) o r  no r e l a t i o n s h ip  (E ch o ls  1955, Mergen e t  a l .  
1964, S t a i r s  e t  a l . 1966, Zobel e t  fU . 1969). When h e ig h t  grow th 
r a t e  was in v e s t i g a t e d ,  E ch o ls  (1958) and Dorn (1968) r e p o r te d  
a  s tro n g  c o r r e l a t i o n  w ith  t r a c h e id  le n g th  in  S c o ts  p in e .
The r e l a t i o n s h ip  betw een p ro p o r t io n  o f la tew ood and 
t r a c h e id  le n g th  h a s  n o t b een  in v e s t ig a te d  b u t th e  v a r i a t i o n  o f  
t r a c h e id  le n g th  i n  earlyw ood and la tew ood h a s . T h ere  seem t o  be 
some d i f f e r e n c e s  o f  o p in io n  w ith  r e s p e c t  to  w h e th er t r a c h e id  
le n g th  o f la tew ood  d i f f e r s  from  t h a t  o f  earlyw ood . G erry  (1961) 
r e p o r te d  t h a t  th e  latew ood t r a c h e id  le n g th  o f D o u g la s - f i r  and 
so u th e rn  p in e s  i s  s h o r te r  th a n  th e  early w o o d , w hereas Jac k so n  
and Greene (1957) d id  n o t f in d  any  d i f f e r e n c e s  betw een  latew ood 
and earlyw ood t r a c h e id s  in  so u th e rn  p in e s .  Mast i n v e s t i g a t o r s  
( B is s e t  and D adsw ell 1950, Anderson 1951, D adsw ell and W ardrop 
1960) in d ic a te d  s l i g h t l y  lo n g e r t r a c h e id  i n  la tew o o d .
P ro p o rtio n  o f  latew ood and t r a c h e id  c r o s s - s e c t i o n a l  d im en sio n  
a s  r e l a t e d  t o  g row th
In  c o n i f e r s ,  S c o t t  and Me G regor (1952) found t h a t  S i tk a  
sp ru ce  (F ic e a  s i t c h e n s i s  (B ong .) C a r r . )  d e v e lo p s  la tew ood
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in d e p e n d e n tly  o f  grow th r a t e ,  b u t S c h a fe r  (1949) and Z obel and 
Rhodes (1955) found no c o r r e l a t i o n  betw een  grow th  r a t e  and 
p e rc e n ta g e  latew ood in  s o u th e rn  p in e s .  L arson  (1957) a l s o  
r e p o r te d  t h a t  grow th r a t e  had a  n e g l ig ib le  in f lu e n c e  on 
p e rc e n ta g e  o f latew ood i n  s la s h  p in e .  In  c o n t r a s t ,  P i l lo w  (1954), 
in d ic a te d  a  d e f i n i t e  c o r r e l a t i o n  betw een grow th  r a t e  and 
p e rc e n ta g e  o f  latew ood i n  l o b lo l ly  p in e .
T h e re  i s  a ls o  some e v id e n c e  t h a t  th e  change i n  t r a c h e id  
c r o s s - s e c t i o n a l  d im ension  i s  r e l a t e d  to  grow th  r a t e  (Pew and 
K netchges 1939).
S i t e  e f f e c t  on grow th , s p e c i f i c  g r a v i t y ,  and t r a c h e id  le n g th
The e a r ly  l i t e r a t u r e  on th e  e f f e c t  o f  s i t e  on s p e c i f i c  
g r a v i ty  h as  been  sum m arized (S p u rr and H suing 1954, L a rso n  
1957) and i t  c o n ta in s  many c o n f l i c t i n g  r e p o r t s .  P a r t  o f  th e  
c o n fu s io n  i s  p ro b ab ly  c au se d  by co n fo u n d in g  th e  age o f  th e  t r e e  
( i . e . ,  wood ty p e ) w ith  o th e r  f a c t o r s .  P a u l (1952) e x p re s se d  
th e  v iew  t h a t  s o i l  ty p e ,  p r i n c i p a l l y  th ro u g h  i t s  c a p a c i ty  to  
r e t a i n  m o is tu re , has an  im p o r ta n t in f lu e n c e  on th e  g row th  and 
s t r u c t u r e  o f  wood. S p e c i f i c  g r a v i ty  h a s  been  re p o r te d  t o  be 
a f f e c t e d  by  s o i l  m o is tu re . R e s u l ts  o b ta in e d  by numerous 
in v e s t i g a t o r s  (Wellwood 1952, 1960, L a rso n  1957, Jayne  1958) 
in d ic a te d  t h a t  c o n ife ro u s  t r e e s  grow ing  on good s i t e s  
g e n e r a l ly  have a  ten d en cy  t o  p ro d u ce  low er d e n s i ty  wood th a n  
th o s e  grow ing on poor s i t e s .  However, o th e r s  (Z obel and Rhodes
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1955 , K nigge 1958, S chn iew ind  1961) r e p o r te d  no r e l a t i o n s h i p  
b e tw een  s i t e  in d e x  and s p e c i f i c  g r a v i t y .  S m ith  and  W ils le  
(1 9 6 1 ) p r e s e n te d  d a ta  w hich showed t h a t  summer s o i l - w a t e r  
d e f i c i t s  re d u c e d  th e  w id th  o f  la tew o o d  i n  l o b l o l l y  p i n e ,  w ith  
th e  g r e a t e s t  e f f e c t  o c c u r r in g  i n  wood n e a r  t h e  b a s e  o f  th e  t r e e .
T r a c h e id  le n g th  seem s to  b e  th e  wood c h a r a c t e r i s t i c s  l e a s t  
a f f e c t e d  by  s i t e .  W ellwood (1 9 6 0 ) r e p o r te d  t h a t  s i t e  had l i t t l e  
e f f e c t  on t r a c h e i d  le n g th  i n  w e s te rn  hem lock  (T suga h e te r o p h y l l a  
( R a f . )  S a r g . ) ,  b u t  t h a t  crow n c l a s s  h ad  a n  a p p a r e n t  e f f e c t .
A l t i t u d e  h a s  b e en  found  to  a f f e c t  s p e c i f i c  g r a v i t y .  E c h o ls  
and C o n k le  (1 9 7 1 ) o b se rv e d  t h a t  s p e c i f i c  g r a v i t y  o f  P o n d e ro sa  
p in e  ( P in u s  p o n d e ro sa  L aw s.) d e c r e a s e d  a s  th e  a l t i t u d e  o f  o r i g i n  
o f  t h e  see d  p a r e n t s  in c r e a s e d .  A ll  g e n o ty p e s  p ro d u ced  wood o f  
s i g n i f i c a n t l y  lo w er s p e c i f i c  g r a v i t y  i n  th e  p l a n t a t i o n s  a t  
h ig h  a l t i t u d e  (5650  f e e t ) :
METHODS AND PROCEDURE
S p e c ie s  d e s c r ip t i o n
L o b lo l ly  p in e  (P in u s  ta e d a  L .)  i s  one o f  th e  m ost im p o rta n t 
com m ercial s p e c ie s  in  th e  s o u th e a s te r n  U n ited  S t a t e s .  I t  h a s  a  
w ide ran g e  and i s  th e  dom inant p in e  s p e c ie s  in  each  o f  th e  
A t l a n t i c  and G ulf C o a s ta l S ta te s  so u th  o f New J e r s e y .  I t  does 
n o t o ccu r in  th e  M is s is s ip p i  R iv e r  b o tto m s , and i s  s c a rc e  on 
th e  d e ep , c o a rse  sands o f th e  low er G ulf C o a s ta l P la in  and th e  
s a n d h i l l s  o f N orth  and South  C a ro l in a .  I t  grows a t  se a  le v e l  and 
re a c h e s  e le v a t io n s  above 2 ,000 f e e t  in  n o r th e rn  Alabama and 
G eo rg ia . R a in f a l l  i n  th e  l o b lo l ly  p in e  ran g e  a v e ra g e s  40 to  60 
in c h e s .  T em pera tu re  ex trem es ran g e  from  -10° to  o v er 100° F.
The t r e e s  grow b e s t  on s o i l  w ith  po o r s u r fa c e  d ra in a g e , 
a  deep  s u r fa c e  l a y e r ,  and a  f i rm  s u b s o i l .  H e ig h t grow th  b e g in s  
a b o u t March 1 i n  th e  G ulf S ta t e s  and ab o u t 6 weeks l a t e r  n ea r 
th e  N orth  C a ro lin a  - V ir g in ia  b o rd e r .
In d iv id u a l  t r e e s  may a t t a i n  d ia m e te rs  o f 50 to  60 in c h e s  
and h e ig h ts  o f  150 f e e t  a t  advanced a g e s .
G eographic  seed  so u rc e s
The g e o g ra p h ic  seed  so u rc e s  used  i n  t h i s  s tu d y  were s e le c te d  
by P r o fe s s o r  A. B. Crow o f th e  L o u is ia n a  S t a t e  U n iv e r s i ty ,  School 
o f  F o r e s t r y  and W ild l i f e  Management i n  1956. Seeds w ere c o l le c te d  
from  E a s t F e l i c i a n a ,  S t .  Tammany, Vernon (N o r th ) , Vernon (S o u th ) ,
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- Seed so u rce
* - -  P la n ta t io n
V ernon (N)
E. F e l i c i a n a  W ashington
V ernon (S )
S t .  Tammany
F ig u re  1. L o c a tio n  o f seed  so u rc e s  and p la n ta t io n s  i n  th e  S t a t e  
o f  L o u is ia n a .
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and W ash ing ton  p a r i s h e s  (F ig u re  1 ) .  T hese  see d  s o u rc e s  w ere  
p la n te d  i n  1958-59 a s  1 -0  s e e d l in g s  i n  p l a n t a t i o n s  lo c a te d  
i n  V ernon  P a r i s h  (W est L o u is ia n a  E x p erim en t S t a t i o n ,  De R i d d e r ) , 
E a s t  F e l i c i a n a  P a r i s h  ( I d le w i ld  P l a n t a t i o n ,  C l i n t o n ) ,  and 
W ash in g to n  P a r i s h  (L ee  M em orial F o r e s t ,  B o g a lu sa )  (F ig u re  1 ) .  
P r e v io u s  p u b l i c a t i o n s  (Crow 1964 , 1969) h av e  r e p o r te d  s u r v iv a l  
and g ro w th  o£ th e  s e e d  so u rc e  t e s t s .  Each p l a n t a t i o n  s i t e  i s  
d e s c r ib e d  g e n e r a l l y  b e lo w . D e s c r ip t io n s  w ere  e x c e rp te d  fro m  th e  
s o i l  s u rv e y  r e p o r t s  p re p a re d  b y  t h e  USDA S o i l  C o n s e rv a tio n  S e rv ic e  
i n  c o o p e r a t io n  w i th  t h e  L o u is ia n a  A g r i c u l t u r a l  E x p erim en t S t a t i o n  
(Anonymous 1 9 7 0 ).
P l a n t a t i o n s
V ernon  P a r i s h  (W est L o u is ia n a  E x p e rim en t S t a t i o n ,  De R id d e r ) :  
The to p o g ra p h y  o f  t h e  p l a n t a t i o n  a r e a  i s  g e n e r a l l y  f l a t  t o  g e n t ly  
r o l l i n g .  S o i l s  a r e  o f  th e  B i e n v i l l e ,  B ow ie, and R u sto n  s e r i e s .
The s o i l s  o f  th e  B i e n v i l l e  s e r i e s  h av e  san d y  s u r f a c e  h o r iz o n  
an d  a  brow n loamy f i n e  sand s u b s o i l .  They a r e  somewhat 
e x c e s s iv e ly  d r a in e d  an d  r u n o f f  i s  s lo w . P e r m e a b i l i ty  i s  
m o d e ra te ly  r a p i d .  T h is  s o i l  i s  medium a c id  t o  v e ry  B tro n g ly  
a c id  and  i s  low i n  n a t u r a l  f e r t i l i t y .  The a v a i l a b l e  w a te r  
h o ld in g  c a p a c i ty  i s  low . R oot an d  m o is tu re  p e n e t r a t i o n  a r e  deep  
i n  t h i s  s o i l .
The s o i l s  o f  t h e  Bowie s e r i e s  h av e  d a rk  g r a y is h  brow n 
f i n e  san d y  loam  A h o r iz o n ,  y e l lo w is h  brown san d y  c la y  loam
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upper s u b s o i l  h o riz o n  and m o ttle d  y e llo w is h  brown, r e d ,  and g ray  
low er s u b s o i l  h o r iz o n s . They a r e  m o d e ra te ly  w e ll-d ra in e d  and 
m o d e ra te ly  s lo w ly  p erm eab le . T h is  s o i l  i s  medium a c id  to  v e ry  
s t r o n g ly  a c id  and i s  low i n  n a tu r a l  f e r t i l i t y .  The a v a i l a b le  
w a te r -h o ld in g  c a p a c i ty  i s  medium. R oots and m o is tu re  p e n e t r a te  
deep  i n  th e  s o i l .
The s o i l s  o f th e  R u sto n  s e r i e s  have  d a rk  g ra y  f i n e  sandy 
loam s u r fa c e  h o riz o n  and re d  sandy loam s u b s o i l s .  They a r e  
w e ll-d ra in e d  and m o d e ra te ly  perm eab le . A v a ila b le  w a te r  c a p a c i ty  
i s  h ig h . R o o ts , and m o is tu re ,  p e n e t r a te  deep  in to  th e  s u b s o i l .  
T h is  s o i l  i s  h ig h ly  a c id  to  v e ry  s t r o n g ly  a c id  and i s  low in  
n a tu r a l  f e r t i l i t y .
E as t F e l ic ia n a  P a r i s h tld lew L ld  P l a n t a t i o n ,  C l in to n ) .  The 
topography  o f  th e  p l a n t a t i o n  i s  g e n e r a l ly  f l a t  to  g e n t ly  
s lo p in g . S o i l s  a r e  o f t h e  P ro v id en ce  s e r i e s .  T h is  s o i l  i s  
m o d era te ly  d ra in e d . The s u r f a c e  la y e r  i s  a b s e n t  o v e r 20 p e rc e n t 
o f  th e  a r e a .  The s u b s o i l  i s  a  s tro n g  brown s i l t y  c la y  loam 
o v e r ly in g  a  brown and g ra y  f r a g ip a n  w ith  a  h ig h e r  sand  c o n te n t .  
D epth o f  th e  pan i s  a b o u t 20 in c h e s .
P e rm e a b il i ty  i s  s low  and ru n o f f  i s  medium. A v a ila b le  w a te r  
c a p a c i ty  i s  h ig h . When c u l t i v a t e d ,  good t i l t h  i s  d i f f i c u l t  to  
m a in ta in . The r e a c t io n  i s  medium to  s t r o n g ly  a c id  in  th e  s u r f a c e  
la y e r  u n le s s  lim ed , and ra n g e s  to  v e ry  s t r o n g ly  a c id  i n  th e  
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F ig u re  3 . T o ta l  y e a r ly  p r e c i p i t a t i o n  f o r  th e  p e r io d  1959 - 1971 in  th e  th r e e  p la n ta t io n  
lo c a t io n s .
B ogalusa ^  De R id d er %  Id le w ild
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W ashington P a r i s h  (Lee M emorial F o r e s t ,  B o g a lu sa ).
Topography o f  th e  p l a n t a t i o n  a r e a  I s  g e n e r a l ly  f l a t  to  
m o d e ra te ly  s lo p in g . The s o i l  o f  th e  a r e a  i s  o f  th e  R uston  s e r i e s .  
T h is  s o i l  i s  w e ll d ra in e d . The s u r fa c e  la y e r  i s  d a rk  g ra y is h  
brown f in e  sandy loam  a b o u t e ig h t  in c h e s  th i c k .  The s u b s o il  i s  
y e llo w is h  red  sandy  c la y  loam and c la y  loam.
P e rm e a b i l i ty  i s  m odera te  and s u r fa c e  ru n o f f  i s  medium to  
r a p id .  A v a ila b le  w a te r  c a p a c i ty  i s  m odera te . I t  i s  medium a c id  
in  th e  s u r fa c e  l a y e r  and v e ry  s t r o n g ly  a c id  i n  th e  s u b s o i l .
The amount o f  r a i n f a l l  i n  each  p l a n ta t io n  was ta k e n  from
re c o rd s  o f  w ea th e r s t a t i o n s  n e a r e s t  each  p l a n t a t i o n .  The mean
m onth ly  p r e c i p i t a t i o n  and t o t a l  y e a r ly  p r e c i p i t a t i o n  f o r  th e  
p e r io d  1959 to  1971 i n  th e  p l a n t a t i o n  a r e a s  a r e  summarized in  
g r a p h ic a l  form  i n  F ig u r e s  2 and 3 , r e s p e c t iv e ly .
F ie ld  P ro ced u re
The p la n t a t i o n s  w ere d e s ig n e d  i n  random ized b lo c k s  w ith  fo u r  
r e p l i c a t i o n s  p e r  seed  so u rc e  a t  a  6 ' x 6 1 s p a c in g . Each p lo t  i s  
a  t e n t h  o f  an  a c r e  i n  s i z e .
I n  th e  w in te r  o f  1971 when th e  p la n ta t io n s  had com pleted  th e
13 th  grow ing s e a s o n , in c rem en t c o re  sam ples from  10 t r e e s  p e r  
so u rc e  i n  each b lo c k  w ere ta k e n  a t  b r e a s t  h e ig h t  i n  th e  f i r s t  and 
m ost v a lu a b le  lo g  o f  th e  t r e e .  T re e s  sam pled w ere random ly ch o sen . 
However, when t r e e s  i n i t i a l l y  ch osen  w ere found to  b e  damaged o r  
in f e c te d  w ith  fu s ifo rm  r u s t  (C ro n artiu m  fu s ifo rm e  Hedge. & Hunt 
ex Cumm.) ,  sam ple s u b s t i t u t i o n  was made in  th e  f i e l d .
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Only sound t r e e s  w ere sam pled to  a v o id  any  e f f e c t  o f  d e fe c t  on 
wood p r o p e r t i e s .  An o v e r s iz e  in c re m en t b o r e r ,  ab o u t 10 m il l im e te r s  
i n  d ia m e te r ,  was u sed  to  e x t r a c t  th e  sam ple from  th e  t r e e .  T h is  
method o f  o b ta in in g  t e s t  sam ples h a s  been  found to  be  s a t i s f a c t o r y  
f o r  d e te rm in in g  some p r o p e r t i e s  o f  wood e s p e c ia l l y  s p e c i f i c  
g r a v i ty  (Z obel e t  a l .  1960) b ecau se  i t  does n o t c ru s h  o r  damage 
c e l l s .  F o r each  t r e e ,  an  in c rem en t c o re  sam ple r e p r e s e n t in g  th e  
N orth  compass q u a d ra n t was ta k en  from  b a rk  to  p i t h .
The d ia m e te r  and h e ig h t  o f  each  sam pled t r e e  w ere m easured . 
D iam eter was m easured a t  ab o u t fo u r  and o n e -h a lf  f e e t  from  th e  
ground u s in g  a  d ia m e te r  ta p e .  T o ta l  h e ig h t  o f  th e  t r e e  was 
m easured by  th e  u se  o f  a  Sunto  h y p so m eter.
L a b o ra to ry  P ro ced u re
From each  c o re  sam ple th e  fo llo w in g  wood p r o p e r t i e s  were 
d e te rm in e d : p e rc e n ta g e  o f  la tew o o d , w id th  o f  a n n u a l r i n g ,  
s p e c i f i c  g r a v i ty  (u n e x tra c te d  and e x t r a c te d  w ith  h o t  w a te r /  
b e n z e n e -a lc o h o l) , t r a c h e id  le n g th ,  and t r a c h e id  c r o s s - s e c t i o n a l  
d im ensions ( c e l l  w a ll th ic k n e s s  and w id th  o f  lum en).
The fo llo w in g  i s  a  sequence  o f  th e  la b o ra to ry  o p e ra t io n s  
and m easurem ents to  w hich each  c o re  sam ple was s u b je c te d :
A f te r  e x t r a c t i o n  from  th e  t r e e  e ach  c o re  was numbered (coded) 
in d ic a t in g  p l a n t a t i o n ,  seed  s o u rc e , and sam ple num ber. I t  was 
a llo w ed  to  a i r  d ry  f o r  24 h o u rs . The amount o f  la tew ood  i n  th e  
e n t i r e  c o re  was m easured s im u lta n e o u s ly  w ith  th e  w id th  o f
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a n n u a l r i n g .  Each In c rem en t c o re  was d iv id e d  In to  two s e c t io n s ,  
nam ely , corew ood(0 to  5 r in g s  from th e  p i t h )  and o u te r  sapwood,
i . e . ,  from  th e  6 th  r in g  from  th e  p i t h  t o  th e  b a rk . The s p e c i f i c  
g r a v i ty  o f each  c o re  s e c t io n  was d e te rm in e d . The t h i r d  r in g  
from  th e  p i t h  and th e  7 th  r in g  from th e  p i t h  segm ents f o r  
corewood ( p i t h )  s e c t io n  and  o u te r  weed (b a rk ) s e c t i o n ,  
r e s p e c t iv e ly ,  were s p l i t  f o r  t r a c h e id  le n g th  m easurem ent.
T ra c h e id  c r o s s - s e c t i o n a l  d im ensions o f  each  co re  s e c t io n  were 
m easured from  th e  latew ood segm ent o n ly .
F o llo w in g  a re  more d e t a i l e d  d e s c r ip t i o n s  o f  t h e  p ro c e d u re s  
u sed  in  making th e  m easurem ents sum m arized above.
P r o p o r t io n  o f  latew ood and w id th  o f  a n n u a l r in g  d e te rm in a t io n
The p i t h  end o f  e ach  c o re  was trim m ed . U sing a  v e r n ie r  
c a l i p e r ,  th e  latew ood and w id th  o f  a n n u a l r in g  w ere m easured 
t o  th e  n e a r e s t  0 .01  in c h .  To make th e  g row th  r in g s  more 
v i s i b l e  b e fo re  m easurem ent th e  c o re  was d ip p ed  in  w a te r .  F o r a l l  
m easu rem en ts, M ork 's (1928) d e f i n i t i o n  o f  latew ood was u sed  as  
a  g u id e  to  d i s t in g u i s h  th e  boundary be tw een  earlyw ood and 
la tew o o d . A t t h i s  tim e th e  an n u al r in g  w id th  was a l s o  m easured .
The p ro p o r t io n  o f  la tew ood  was o b ta in e d  by t o t a l l i n g  th e  
w id th  o f  la tew ood  p e r  r i n g ,  d iv id in g  by  th e  t o t a l  le n g th  o f  
t h e  whole c o re  sam ple, and  m u lt ip ly in g  b y  100.
D e te rm in a tio n  o f  s p e c i f i c  g r a v i ty  o f  t h e  c o re  sam ples
The maximum m o is tu re  m ethod, d e s c r ib e d  by S m ith  (1954) 
and Fogg (1967) was u sed  to  o b ta in  b o th  u n e x tra c te d  and e x t r a c te d
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s p e c i f i c  g r a v i t y  o f  in c re m e n t c o re  sa m p le s . A h ig h  vacuum pump 
was u sed  t o  s a t u r a t e  th e  sam p les  a t  p e r i o d i c  I n t e r v a l s  u n t i l  
c o n s ta n t  w e ig h ts  w ere  o b ta in e d .  T h is  m ethod h a s  been  fo u n d  to  
b e  e f f e c t i v e  and  a c c u r a t e  w i th  l a r g e  num bers o f  sm a ll sam p les  
(S m ith  1954 , Choong _et a l .  1 9 7 0 ). A f te r  th e  u n e x tr a c te d  
s p e c i f i c  g r a v i t y  was d e te r m in e d , t h e  c o re s  w ere  e x t r a c te d  to  
d e te rm in e  th e  e x t r a c t e d  s p e c i f i c  g r a v i t y .  E x t r a c t io n  o f  t h e  
o r g a n ic  s o lu b le s  from  th e  w hole  c o re  was made i n  a  S o x h le t  
e x t r a c t o r  u s in g  c o n s e c u t iv e  e x t r a c t i o n s  o f  b o i l i n g  w a te r  f o r  24 
h o u r s ,  95 p e r c e n t  e th a n o l  f o r  24  h o u r s ,  and 2 :1  b e n z e n e -e th a n o l  
s o l u t i o n  f o r  24 h o u r s ,  r e s p e c t i v e l y .  The f o l lo w in g  i s  t h e  
d e t a i l e d  p ro c e d u re  u s e d :
a .  U n e x tra c te d  s p e c i f i c  g r a v i t y  - The o v e n -d ry  w e ig h t (Wo) o f  
t h e  c o r e  sam p les  was d e te rm in e d  a s  f o l lo w s :  C ore  sam p les  w ere 
p la c e d  i n  a  d r y in g  oven  f o r  24 h o u rs  a t  105 d e g re e s  C e n t ig ra d e .  
E ach c o re  was th e n  w eighed  i n  a  M e t t i e r  to p - lo a d in g  b a la n c e ,  
a c c u r a t e  t o  0 .0 0 1  gram . F o llo w in g  th e  o v e n -d ry  w e ig h t 
d e t e r m in a t io n ,  th e  maximum w e ig h t (Wmax) was d e te rm in e d  by  
im p re g n a tio n  and  s a t u r a t i o n  o f th e  c o re  sam p les  w ith  d i s t i l l e d  
w a te r .  The c o re  sam p le s  w ere  p la c e d  i n  a  m ed iu m -sized  
d e s i c c a t o r  and  a  vacuum  was a p p l ie d  f o r  t h r e e  h o u r s .  D i s t i l l e d  
w a te r  was In t r o d u c e d  i n t o  th e  d e s i c c a t o r  fro m  a  s e p a r a to r y  
f u n n e l  w h ile  t h e  vacuum  pump was s t i l l  ru n n in g  t o  a v o id  
a tm o s p h e r ic  a i r  in t r o d u c e d  to  t h e  sa m p le s . A f t e r  th e  r e q u i r e d  
am ount o f  w a te r  was p o u re d  i n t o  th e  d e s i c c a t o r ,  th e  vacuum  pump
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a n d  v a lv e  w ere s h u t  o f f ,  an d  a i r  wes a l lo w e d  to  e n t e r  t h e  
d e s i c c a t o r .  To s a t u r a t e  th e  s a m p le s , t h e  vacuum  pump w as ru n  f o r  
30 m in u te s  d a i l y ,  and  a tm o s p h e r ic  a i r  was in tr o d u c e d  ( t h e  
p r e s s u r e  d i f f e r e n c e  w i th in  t h e  sam ple w i l l  f o r c e  w a te r  i n t o  th e  
sam p le  by m ass f lo w  and d i f f u s i o n ) .  When t h e  sam ples w ere  f u l l y  
s a t u r a t e d ,  i n d i v i d u a l  c o re  sam p les  w ere w eighed  on a  M e t t l e r  
b a l a n c e .  B e fo re  e a c h  m easu rem en t, e x c e s s  s u r f a c e  w a te r  was 
rem oved by  r o l l i n g  t h e  sam ple  on p a p e r  t o w e l l in g .  S p e c i f i c  
g r a v i t y  m s  d e te rm in e d  by  t a k in g  th e  r a t i o  o f  th e  s a t u r a t e d  
w e ig h t  and  t h e  o v e n -d ry  w e ig h t o f  e ach  wood sam ple CWma.r/Wo) 
a n d  c o r r e c t e d  v a lu e s  w ere  o b ta in e d  from  a  t a b l e  p re p a re d  
b y  Fogg (1 9 6 7 ) .
b .  E x t r a c te d  s p e c i f i c  g r a v i t y  - S a tu r a te d  s a n p le s  w e re  p la c e d  
i n  a  S o x h le t  u n i t  and  e x t r a c t e d  w ith  b o i l i n g  w a te r  f o r  24 h o u rs ,  
a n d  w i th  2 :1  b e n z e n e -e th a n o l  s o l u t i o n  f o r  24 h o u rs . F o llo w in g  
t h i s  seq u en ce  o f  e x t r a c t i o n s ,  t h e  sam p les  w ere  a i r - d r i e d  i n  a  
room  f o r  a b o u t a  w eek , o v e n - d r ie d  a t  105° C f o r  24 h o u r s ,  and  
w e ig h e d . The e x t r a c t e d  s p e c i f i c  g r a v i t y  was d e te rm in e d  b y  
t a k i n g  th e  r a t i o  o f  th e  maximum w e ig h t (Wmax) and t h e  e x t r a c t e d  
o v e n -d ry  w e ig h t (W o )  and  o b ta in in g  c o r r e c t e d  v a lu e s  fro m  a  
t a b l e  (Fogg 1 9 6 7 ) .
T r a c h e id  le n g th  m easu rem en ts
The 3 rd  r i n g  from  t h e  p i t h  o f  t h e  p i t h  s e c t io n  a n d  t h e  7 th  
r i n g  from  th e  p i t h  o f  th e  o u t e r  wood ( b a r k )  s e c t io n ,  w ere
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sam pled  f o r  t r a c h e id  l e n g t h  m e a su re m e n ts . The sam p le  r in g  
segm ents w e re  s p l i t  i n  h a l f  p a r a l l e l  t o  t h e  g r a i n .  T he r in g  
segm en ts  w e re  c u t  i n t o  s m a l l  s l i v e r s  a b o u t  o n e - h a l f  o f  th e  s i z e  
o f  a  m atch  s t i c k  and  w e re  m a ce ra te d  i n  a  2 5 -cc  t e s t  tu b e  u s in g  
a  m o d if ie d  F r a n k l in  (1 9 4 6 ) m ethod, w i th  2 :1  g l a c i a l  a c e t i c  
a c id  and h y d ro g e n  p e r o x id e  a s  d e l i g n i f i c a t l o n  a g e n t s ,  a t  a  
t e m p e ra tu re  o f  100° C f o r  24 h o u r s .
F o llo w in g  m a c e r a t io n ,  t h e  t r a c h e i d s  w ere w ashed s e v e r a l  
t im e s  w ith  w a te r  t o  rem ove a l l  t r a c e s  o f  th e  m a c e ra t in g  f l u i d  
an d  th e n  s t a i n e d  w ith  S a f r a n i n .  The t e s t  tu b e  was th o ro u g h ly  
sh aken  t o  s e p a r a t e  t h e  i n d i v i d u a l  t r a c h e i d s ,  and s e v e r a l  
t r a c h e i d s  w ere  m ounted o n  a  g l a s s  s l i d e  f o r  m e asu re m e n ts . The 
le n g th s  o f  tw e n ty  (2 0 ) t r a c h e i d s  p e r  sam p le  (se g m en t)  w ere 
m easured  w i th  a  f i b e r s c o p e  c a l i b r a t e d  t o  65 X m a g n i f i c a t io n .
C r o s s - s e c t i o n a l  d im e n s io n  m easurem ent
The 4 t h  r i n g  from  t h e  p i t h  o f  t h e  p i t h  s e c t i o n  an d  th e  6 th  
r i n g  from  t h e  p i t h  o f  t h e  o u te r  wood ( b a r k )  s e c t i o n  w ere  u se d  
f o r  t h i s  m easu rem en t. E a c h  r i n g  was s a t u r a t e d  w ith  w a te r  u n d e r  
vacuum t o  s o f t e n  i t  b e f o r e  c u t t i n g .  A m icro tom e w i th  a  v e ry  
s h a rp  b la d e  was u sed  t o  c u t  a  c r o s s - s e c t i o n a l  s a m p le , 25 m ic ro n s  
i n  t h i c k n e s s .  E xtrem e c a r e  was e x c e r c i s e d  to  g e t  t h e  c u t  ev en  
an d  sm ooth  o v e r  th e  e n t i r e  r i n g  and  t o  a s s u r e  a  c u t  a t  r i g h t  
a n g le s  t o  t h e  v e r t i c a l  t r a c h e i d  a x i s .  The f r e s h l y  c u t  s u r f a c e  
was s t a i n e d  w ith  a  few  d r o p s  o f  a q u eo u s  S a f r a n in .  T he  w id th
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o f  th e  c e l l  lumen and c e l l  w a ll th ic k n e s s  o f th e  r a d i a l  and 
t a n g e n t i a l  s e c t io n s  o f  t h e  latew ood segm ent w ere m easured w ith  
a  m ic ro m ete r a t  450X m a g n if ic a t io n .
S t a t i s t i c a l  P ro ced u re s
A n a ly se s  o f  d a ta  conform ed to  t h e  random ized b lo c k  d e s ig n
o f  th e  o r ig i n a l  s tu d y . T h e re  were t h r e e  p l a n t a t i o n s ,  fo u r  b lo c k s
p e r  p l a n t a t i o n ,  f iv e  t r e a tm e n ts  (s e e d  so u rc e s )  p e r  b lo c k , and
10 c o re  sam ples ( t r e e s )  p e r  p lo t .
I n  m easuring  p e rc e n ta g e  o f la tew ood  and a v e ra g e  w id th  o f
a n n u a l r i n g ,  th e  sam pling  u n i t  was t h e  e n t i r e  In c re m e n t c o re .
H ere  a  s p l i t  p lo t  a n a ly s i s  was enp lo y ed  to  e v a lu a te  th e  e f f e c t s
o f  th e  p l a n t a t i o n ,  seed  s o u rc e s , and  p la n ta t io n  x  seed  so u rces
I n t e r a c t i o n .  The same a n a ly s i s  was u sed  f o r  d ia m e te r  and h e ig h t
w ith  th e  t r e e  b e in g  th e  sam pling u n i t .  However, i n  a n a ly z in g
s p e c i f i c  g r a v i ty ,  t r a c h e id  le n g th , and  c e l l  d im e n s io n s , a  s p l i t -
s p l i t  p l o t  a n a ly s i s  o f  v a r ia n c e  was co n d u cted .
The e x tr a c te d  and u n e x tra c te d  s p e c i f i c  g r a v i ty  were
d e te rm in e d  i n  b o th  th e  p i t h  s e c t io n  and  b a rk  s e c t io n  o f  an
in c re m e n t c o re  ( s u b - s u b p lo t  f a c t o r ) .  The av e rag e  le n g th  o f 20
t r a c h e id s  o f th e  earlyw ood and la tew ood  segm ents i n  b o th  th e
p i t h  s e c t io n  and b a rk  s e c t io n  o f an  in c re m en t c o re  w ere a l s o
2
m easu red . In  t h i s  c a s e ,  t h e  s p l i t - s p l i t  p lo t  was a  2 f a c t o r i a l .  
A ls o , i n  a n a ly z in g  c e l l  d im e n s io n s , t h e  s p l i t - s p l i t  p lo t  was 
a  2 f a c t o r i a l  b ecau se  th e  c e l l  w a ll th ic k n e s s  and w id th  o f
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c e l l  lumen w ere m easured a t  th e  r a d i a l  and ta n g e n t i a l  s e c t io n s  
o f  th e  latew ood segm ent i n  b o th  th e  p i t h  s e c t io n  and  b a rk  
s e c t io n  o f a n  in c re m en t c o re .
In  a d d i t io n  to  a n a ly s e s  o f  v a r ia n c e ,  c o r r e l a t i o n  a n a ly s e s  
o f  th e  v a r io u s  v a r i a b le s  w ere a l s o  con d u cted .
L in e a r  r e g r e s s io n  and c o r r e l a t i o n  a n a ly s e s  w ere made to  
d e te rm in e  th e  p o s s ib le  e f f e c t s  o f  m o is tu re  on th e  d i f f e r e n t  
c h a r a c t e r i s t i c s .  P r e c i p i t a t i o n  i n  a l l  p l a n ta t io n s  was ex p re ssed  
a s  p e rc e n t o f  th e  "norm al" p r e c i p i t a t i o n  o f  th e  seed  so u rces  
and th e  a t t r i b u t e s  o f  th e  d i f f e r e n t  c h a r a c t e r i s t i c s  w ere 
e x p re ssed  a s  p e r c e n t  o f th e  seed  so u rce  m eans.
C om putations w ere co nducted  a t  th e  L o u is ia n a  S t a t e
I
U n iv e r s i ty  Com puter R eseach  C e n te r .
RESULTS AND DISCUSSION 
R e s u l ts
V a r ia t io n
A m ajo r o b je c t iv e  o f t h i s  s tu d y  was to  d e te rm in e  I f  any 
v a r i a t i o n  In  g row th  and wood p r o p e r t i e s  co u ld  be d is c e rn e d  
among th e  f i v e  L o u is ia n a  seed  so u rc e s  o f l o b l o l l y  p in e  grown 
i n  th e  t h r e e  p l a n t a t i o n s .  Such v a r i a t i o n  can  be a t t r i b u t e d  to  
g e n e t i c  and en v iro n m e n ta l ( c l im a t i c  and p h y s io g ra p h ic )  
i n f lu e n c e s  and th e  i n t e r a c t i o n  o f  th e  two. I n  t h i s  s tu d y , th e  
lo c a t io n  o f seed  so u rc e s  and p l a n ta t io n s  was r a t h e r  u n iq u e ly  
s u i t e d  to  an  a n a ly s i s  o f  v a r i a t i o n  p a t t e r n s  w i th in  a  v e ry  l im ite d  
p o r t i o n  o f  th e  ra n g e  o f  l o b l o l l y  p in e .
T h e re  w ere no g r e a t  l a t i t u d i n a l  d i f f e r e n c e s  among e i t h e r  
th e  f i v e  seed  s o u rc e s  used  i n  t h i s  s tu d y  o r  t h e  th r e e  p la n t a t i o n s  
i n  w hich  th e y  g rew . I n  f a c t ,  th e  p la n ta t io n s  w ere l a id  o u t  in  
a lm o s t s t r a i g h t  l i n e  from  E a s t to  West a s  w ere th e  seed  so u rc e s  
(F ig u re  1 ) .  T h e re fo re ,  th e  m a jo r en v iro n m en ta l in f lu e n c e s  
a s s o c ia te d  w ith  l a t i t u d e  such  a s  te m p e ra tu re  and p h o to p e r io d , 
w h ich  have been  found  to  be o f  m ajor im p o rtan ce  i n  many p re v io u s  
s tu d i e s  o f  ra n g e -w id e  v a r i a t i o n  o f l o b l o l l y  p in e ,  have b een  
a lm o s t e n t i r e l y  e l im in a te d  i n  th e  d e s ig n  o f  th e  s tu d y . I t  i s  
p o s s ib l e  t h a t  t h e r e  a r e  s o i l  d i f f e r e n c e s  a t  th e  p l a n t a t i o n  s i t e s  
w hich  c o u ld  c o n t r ib u te  to  v a r i a t i o n  and i n t e r a c t i o n s .  However, 
th e  s o i l  s e r i e s  do n o t d i f f e r  v e ry  much i n  t e x t u r e ,  a c i d i t y ,  and 
n a t u r a l  f e r t i l i t y  among th e  t h r e e  s i t e s  and sm a ll d i f f e r e n c e s
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would be e x tre m e ly  d i f f i c u l t  to  d e t e c t .
G iven t h i s  h ig h  d e g re e  o f u n ifo rm ity  among p la n t in g  s i t e s  
and g e o g ra p h ic  seed  so u rc e s  in  v a r i a b le s  such  a s  mean 
te m p e ra tu re , le n g th  o f  grow ing se a so n , p h o to p e r io d , and  s o i l s ,  
i t  was n o t to o  s u r p r i s in g  t h a t  few  s i g n i f i c a n t  d i f f e r e n c e s  were 
found in  th e  a n a ly s i s  o f  th e  g row th’ and wood c h a r a c t e r i s t i c s  
u n d e r s tu d y . However, upon c lo s e  i n s p e c t io n ,  c e r t a in  t r e n d s  and 
p a t t e r n s  co u ld  b e  d is c e rn e d  w hich seem to  b e  a s s o c ia te d  w ith  
th e  one m ajo r en v iro n m e n ta l f a c t o r  t h a t  can  be r e a d i l y  i d e n t i f i e d  
a s  a  p o s s ib le  c o n t r ib u to r  t o  th e  v a r i a t i o n  en co u n te red  i n  some 
c h a r a c t e r i s t i c s .  T h is  f a c to r  i s  th e  a n n u a l r a i n f a l l  p a t t e r n ,  
w hich d i f f e r s  among seed  so u rc e s  and p l a n t a t i o n  s i t e s .
M onthly p r e c i p i t a t i o n  re c o rd s  f o r  t h e  13 -y ear p e r io d  o f 
th e  s tu d y  w ere a v a i l a b l e  f o r  each  p la n t in g  s i t e  a s  w ere d a ta  
on th e  "n o rm alM m onth ly  p r e c i p i t a t i o n  f o r  each  o f th e  f i v e  seed 
s o u rc e s . I n  th e  fo llo w in g  d is c u s s io n ,  t h e s e  d a ta  w i l l  b e  used  
to  d ev e lo p  a  p o s s ib le  e x p la n a t io n  i n  te rm s  o f  m o is tu re  ex cess  
o r  d e f i c i t  th ro u g h o u t th e  grow ing sea so n  f o r  th e  p a t t e r n  o f  
v a r i a t i o n  found  i n  some t r a i t s .
V a r ia t io n  i n  g row th
Growth c h a r a c t e r i s t i c s  s tu d ie d  w ere d ia m e te r  and h e ig h t .
I n  g e n e r a l ,  th e  d i f f e r e n c e s  among seed  s o u rc e s  and among 
p la n t a t i o n s  w ere r e l a t i v e l y  sm all (T a b le s  1 and 2) b u t  th e  
r e s u l t s  f o r  th e  two c h a r a c t e r i s t i c s  w ere n e g a t iv e ly  c o r r e l a t e d .  
T h is  r e l a t i o n s h i p  w i l l  b e  d is c u s s e d  a f t e r  th e  r e s u l t s  f o r  b o th
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T a b le  1. P la n ta t io n  means o f  th e  d i f f e r e n t  c h a r a c t e r i s t i c s  
m easured +
C h a r a c t e r i s t i c s
P la n ta t io n
B ogaluoa De R id d e r Id le w ild A verage
D iam eter .......... in c h e s 6 .0 1 5 .8 6 6 .2 3 6 .0 5
H eig h t ..............  f e e t 45 .5 0 48 .00 4 4 .5 0 4 6 .0 0
Latew ood............p e rc e n t 26.80 31.40 29 .8 0 2 9 .3 3
Annual r in g  w i d t h . . i n . 0 .2 0 2 0 .198 0 .212 0 .2 0 4
S p e c i f ic  g r a v i ty :  
a .  P i t h  s e c t io n
1. U n e x tra c te d  . . . . 0 .3 8 0 .3 9 0 .3 8 0 .3 8
2 . E x t r a c te d .............. 0 .3 4 0 .3 7 0 .3 5 0 .3 5
b . Bark s e c t io n
1. U n e x tra c te d .......... 0 .5 1 0 .5 3 0 .4 9 0 .5 1
2 . E x t r a c te d .............. 0 .4 8 0 .51 0 .4 7 0 .4 9
U n e x tra c te d , w hole c o r e . . 0 .4 5 0 .4 6 0 .4 4 0 .4 4 5
E x tr a c te d ,  whole c o r e . . . . 0 .4 1 0 .4 4 0 .4 1 0 .4 2
T ra c h e id  le n g th : 
a .  P i t h  s e c t io n
1. Earlywood ..(m m .) 1 .9 8 2 .0 4 2 .1 7 2 .0 6
2 . L a tew ood .. . . (mm.) 2 .05 2 .0 9 2 .41 2 .1 8
b . Bark s e c t io n
1. E a rly w o o d .. . (mm.) 3 .0 6 3 .3 5 2 .9 8 3 .1 3
2. L a tew ood .. . . (mm.) 3 .3 3 3 .5 2 3 .3 4 3 .4 0
Earlyw ood, whole co re ..(m m i.) 2 .5 2 2 .70 2 .57 2 .5 9
Latew ood, whole co re ..(m m . ) 2 .69 2.81 2 .88 2 .7 9
Whole c o r e .................(mm.) 2 .6 1 2 .75 2 .7 2 2 .6 9
C e ll  d im en sio n s: 
a .  P i t h  s e c t io n
1. R a d ia l s e c t io n  
a .  C e l l  w a ll th ic k n e s s ()i) 3 .2 4 4 .0 8 3 .86 3 .7 3
48
Table 1. (Continued)
C h a r a c t e r i s t i c s P l a n t a t i o n
B ogalusa De R id d er Id le w i Id A verage
b . C e ll lumen w id th . . ( p ) 38.20 27.80 35 .30 33 .8 0
2. T a n g e n tia l  B ec tion
a .  C e ll w a ll th ic k n e s s «P> 3 .2 4 4 .2 2 4 .0 0 3 .8 2
b . C e l l  lumen w id th . . fp> 53 .30 40 .70 38 .4 0 44 .13
b . Bark s e c t io n  
1 . R a d ia l  s e c t io n
a .  C e ll w a ll th ic k n e s s <p> 5.85 5 .6 4 5 .2 0 5 .5 7
b . C e ll lumen w id th  . . <p> 35 .10 30 .00 30 .90 32 .0 0
2 . T a n g e n tia l  s e c t io n
a .  C e ll w a ll th ic k n e s s (p ) 5 .6 4 5 .6 2 5 .3 1 5 .5 2
b . C e l l  lumen w id th . . (p ) 3 3 .3 0 27 .30 29 .6 0 30 .00
C e ll  w a ll th ic k n e s s ,  r a d i a l  (p ) 4 .55 4 .8 6 4 .5 3 4 .6 5
C e l l  w a ll th ic k n e s s ,  t a n . . (p ) 4 .4 4 4 .9 2 4 .6 5 4 .6 7
C e l l  w a ll th ic k n e s s ,  b a rk Cp) 5 .7 5 5 .6 3 5 .2 6 5 .5 5
C e l l  v a i l  th ic k n e s s ,  p i t h <p> 3 .2 4 4 .15 3 .9 3 3 .7 8
C e l l  lumen w id th , r a d i a l (p> 36.65 28.90 33 .1 0 32 .90
C e l l  lumen w id th , ta n . tp> 43 .30 34 .00 34 .00 37 .10
C e l l  lumen w id th , ba rk <P> 34.20 28.65 30 ,25 31 .00
C e l l  lumen w id th , p i t h (p ) 45 .75 3 4 .9 4 36 .85 39 .18
C e ll  w a ll t h ic k n e s s ,  whole
c o r e ..................................... (p ) 4 .4 9 4.89 4 .5 9 4 .6 6
C e l l  lumen w id th , whole
c o re  . . . . . . . . . . . . . . . . .< p ) 39 .9 8 31.55 3 3 .5 5 35 .0 3
+ A t tim e  o f  m easurem ent a l l  p l a n t a t i o n s  had com pleted  13 grow ing 
s e a so n s .
T ab le  2 . Seed so u rce  means over a l l  p la n ta t io n s
C h a r a c te r i s t ic s
Seed so u rces





D iam eter................ in c h es 6 .0 4 6 .17 5 .8 8 6.05 6 .12 6.05
H eigh t .................. f e e t 45 .60 46 .60 45 .70 45.80 46 .10 46 .00
Latewood................p e rc e n t 30 .33 29.67 27.67 30.33 28.67 29 .33
Annual r in g  w id th . . in c h e s 0 .203 0 .210 0 .193 0.200 0 .213 0 .2 0 4
S p e c if ic  g r a v i ty ;
a .  P i t h  s e c t io n
1. U n e x tra c te d . . 0 .3 8 0 .3 8 0 .39 0 .39 0 .3 7 0 .3 8
2 . E x t r a c t e d . . . . 0 .3 6 0 .35 0 .3 6 0 .3 6 0 .3 4 0 .35
b . Bark s e c t io n
1. U n e x tr a c te d . . . 0 .5 1 0 .5 2 0 .51 0 .5 2 0 .5 0 0 .5 1
2 . E x tra c te d .......... 0 .4 8 0 .5 0 0 .4 8 0 .5 0 0 .4 8 0 .49
S p e c if ic  g r a v i ty ,  whole c o re , 
u n e x tr a c te d .................. 0 .45 0 .45 0.45 0 .46 0 .4 4 0 .445
S p e c if ic  g r a v i ty ,  whole c o re , 
e x t r a c te d ....................... 0 .4 2 1 0.424 0.420 0.429 0 .4 0 8 0 .4 2 0
Table 2. (Continued)
Seed so u rces
C h a r a c te r i s t i c s  -----------------------------------------------------
E. F e l ic ia n a  S t .  Tammany Vernon Vernon W ashington A verage
(N) (S)
T rach e id  le n g th  
a .  P i th  s e c t io n
1. E a r l y w o o d . . . . . . . .  (mm.) 2 .0 4 2.06 2.06 2 .06 2 .09 2 .06
2. Latewood..................  (mm.) 2 .16 2 .18 2 .18 2 .20 2 .20 2 .1 8
b . Bark s e c t io n
1. Earlyw ood................  (mm.) 3 .11 3 .12 3 .12 3.21 3 .09 3 .13
2. Latewood..................  (mm.) 3 .35 3 .40 3 .4 3 3 .49 3 .32 3 .4 0
Earlyw ood, whole c o re  (mm.) 2 .58 2 .59 2 .59 2 .64 2.59 2 .59
Latewood, whole c o re  (mm.) 2 .76 2 .79 2.81 2 .85 2 .76 2 .7 9
Whole c o re  ..................  (mm.) 2 .67 2 .69 2 .70 2 .7 4 2 .67 2 .69
S e ll d im ension :
a . P i t h  s e c t io n
1. R a d ia l s e c t io n
a .  C e ll w a ll th i c k n e s s . .  ($0 3 .75 3 .80 3.62 3.75 3 .71 3 .7 3
b . W idth o f c e l l  lum en., (ji) 32 .90 33 .90 34.00 33 .30 35 .10 33.80
Table 2. (Continued)
Seed so u rces
o n a r a c t e r i s c i c B





2. T a n g e n tia l s e c t io n
a .  C e ll  w a ll th ic k n e s s W 3 .82 3 .91 3 .7 3 3 .8 9 3 .7 8 3 .8 2
b .w id th  o f c e l l  lumen Qi> 43.10 44.20 44 .70 42.90 45 .80 44.13
b . Bark s e c t io n
1. R a d ia l s e c t io n
a .  C e ll  w a ll th ic k n e s s 0 *> 5 .6 4 5 .6 3 5 .5 6 5 .6 7 5 .3 3 5 .5 7
b . W idth o f c e l l  lumen c*) 31 .30 32 .20 33 .10 31 .80 31 .30 32 .00
2. T a n g e n tia l s e c t io n
a .  C e ll  w a ll th ic k n e s s <ii) 5 .6 0 5 .6 2 5 .47 5 .6 9 5 .2 4 5 .5 2
b . W idth o f  c e l l  lumen (»> 28.20 28.90 31 .60 30.00 31.60 3 0 .00
C e ll  w a ll th ic k n e s s ,  r a d i a l ( u > 4 .7 9 4 .71 4 .59 4 .71 4 .5 2 4 .65
C e ll  w a ll th ic k n e s s ,  ta n . (u) 4 .71 4 .7 6 4 .6 4 4 .79 4 .51 4 .6 7
C e ll  w a ll th ic k n e s s ,  p i t h Q i ) 3 .7 9 3 .85 3 .6 7 3 .8 2 3 .7 4 3 .7 8
Table 2. (Continued)
Seed so u rc e s
u n a r a c te r i  bci c s





C e ll  w a ll th ic k n e s s , b a rk (n> 5 .6 2 5 .6 2 5 .5 1 5 .6 8 5 .2 8 5 .5 5
W idth o f  c e l l  lumen, r a d i a l (p > 32.10 33 .10 33 .60 32.60 33 .20 32 .90
W idth o f  c e l l  lumen, ta n . (u ) 35.70 36 .50 38 .20 36.40 38 .70 37 .10
W idth o f  c e l l  lumen, p i th (n> 39.00 38 .90 39 .40 38.10 40 .50 39 .18
W idth o f  c e l l  lumen, b ark (n) 29.80 30 .60 32 .40 30.90 31 .50 31.00
C e ll  w a ll th ic k n e s s ,  
c o r e ................ .
whole
d i) 4 .71 4 .73 4 .59 4 .75 4 .51 4 .6 6
W idth o f  c e l l  lumen, 
c o r e ................ ...
whole
(n> 33 .90 34 .90 34 .90 34.60 35.90 35 .0 3
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d ia m e te r  and h e ig h t  h ave  been  t r e a t e d  in d iv id u a l ly .
D ia m e te r. - -  The mean d ia m e te r  f o r  a l l  f i v e  so u rc e s  i n  th e  
p la n t a t i o n s  was 6 .05  in c h e s  (T ab le  2 ) ,  and th e r e  were no 
s i g n i f i c a n t  d i f f e r e n c e s  among seed  so u rc e s  (T ab le  3 ) .  The S t .  
Tammany so u rc e  had th e  l a r g e s t  a v e ra g e  d ia m e te r ,  6 .1 7  in c h e s ,  
a b o u t two p e rc e n t  g r e a t e r  th a n  th e  combined mean. The Vernon (N) 
so u rc e  had th e  s m a l le s t  mean d ia m e te r ,  5 .8 8  in c h e s ,  ab o u t 4 .5  
p e rc e n t  l e s s  th a n  th e  combined mean. Crow and Kennedy (1969) 
r e p o r te d  t h a t  th e  S t .  Tammany seed  so u rce  had th e  l a r g e s t  
d ia m e te r  i n  th e  Id le w ild  p la n t a t i o n  a t  age s ix .
Mean d ia m e te r  f o r  p l a n t a t i o n s  ranged  from  5 .8 6  in c h e s  
(De R id d e r)  to  6 .2 3  in c h e s  ( I d le w i ld ) .  The I d le w ild  p l a n t a t i o n  
had a  mean d ia m e te r  t h r e e  p e rc e n t g r e a te r  th a n  th e  a v e ra g e , 
w h ile  th e  De R id d e r p l a n t a t i o n  mean was a b o u t th r e e  p e rc e n t  
s m a l le r  th an  th e  a v e ra g e  (T ab le  1 ) .
The geno type  (se ed  so u rc e )  x env ironm ent ( p la n ta t io n )  
i n t e r a c t i o n  was n o t s i g n i f i c a n t  (T a b le  3) even  th ough  th e  o rd e r  
o f  perfo rm ance  o f  th e  so u rc e s  was d i f f e r e n t  i n  each  p l a n t a t i o n .  
The ab sen ce  o f  s i g n i f i c a n t  v a r i a t i o n  in  d ia m e te r  grow th in d i c a t e s  
t h a t ,  f o r  t h i s  t r a i t ,  a l l  f iv e  seed  so u rc e s  a r e  a b o u t e q u a l ly  
a d a p ta b le  to  th e  v a r io u s  p la n t in g  s i t e s  in  th e  s tu d y .
H e ig h t. - -  The a v e ra g e  h e ig h t  o f  th e  f i v e  seed  so u rc e s  
grow ing a t  a l l  t h r e e  s i t e s  was f a i r l y  u n ifo rm  (T ab le  2 ) .  The 
means were 4 5 .6 , 4 5 .7 ,  4 5 .8 , 4 6 .1 , and 46 .6  f e e t  f o r  E ast
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F e l i c i a n a ,  V ernon (N) ,  V ernon ( S ) ,  W ash ing ton , and S t .  Tammany 
seed  s o u rc e s , r e s p e c t iv e ly .  The a n a ly s i s  o f  v a r ia n c e  In d ic a te d  t h a t  
t h i s  v a r i a t i o n  was no t s i g n i f i c a n t  (T ab le  4) which i s  no t 
s u r p r i s in g  s in c e  th e  seed  so u rc e s  r e p r e s e n t  a  v e ry  l im i te d  p o r t io n  
o f  th e  ran g e  o f  th e  s p e c ie s .  In  o th e r  s tu d ie s  which have  Bampled 
a  much g r e a t e r  p o r t io n  o f  th e  l a t i t u d i n a l  ran g e  o f l o b l o l l y  p in e ,  
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  i n  h e ig h t  grow th w ere re p o r te d  
(Z a rg e r  1961, W e lls  and W akely 1966, W ells  1969).
T here  was no s i g n i f i c a n t  v a r i a t i o n  i n  h e ig h t among th e  
t h r e e  p la n t a t i o n s  (T ables 1 and 4 ) .  The mean h e ig h t  f o r  th e  
p la n ta t io n s  ra n g e d  from  4 4 .5  to  4 8 .0  f e e t  w ith  an  a v e ra g e  o f 4 6 .0  
f e e t .  T rees  p la n te d  in  De R id d e r were th e  t a l l e s t  - a b o u t 4 .3  
p e rc e n t  l a r g e r  th a n  th e  combined a v e ra g e . T ree s  p la n te d  in  
Id le w ild  w ere a b o u t 3 .3  p e rc e n t  s h o r te r  th a n  th e  combined a v e ra g e .
The i n t e r a c t i o n  betw een  p la n ta t io n  and seed so u rc e  was 
s i g n i f i c a n t  (B e .05) (T ab le  4 ) .  F a lc o n e r  (1960) e x p la in e d  th a t  
a  s p e c i f i c  d i f f e r e n c e  o f env ironm ent may have a  g r e a t e r  e f f e c t  
on some g e n o ty p es  th a n  on o th e r s  and a l l  o f  th e  s o u rc e s  grown a t  
De R id d er have  a t t a i n e d  g r e a t e r  h e ig h t  th a n  when grown a t  
I d le w ild .  Among th e  seed s o u rc e s , th e  S t .  Tammany pirovenance 
had th e  g r e a t e s t  h e ig h t  (on  th e  a v e ra g e )  I n  a l l  t h r e e  
p l a n t a t i o n s .  T h is  in d ic a te d  a  s l i g h t  s u p e r i o r i t y  o f  th e  S t .
Tammany m a te r ia l  and i t  a p p e a rs  most a d a p ta b le  to  th e  d i f f e r e n t  
p la n t in g  lo c a t io n s .  In  th e  l o b lo l ly  p in e  Southw ide Seed Source
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Table 3. Analysis of variance for diameter
S o u rces  o f  v a r i a t i o n D.F. S .S . M.S. F
P la n ta t io n 2 17.63 8 .8 2  3 .2 4
B lo c k /P l tn  = E r r o r  (a ) 9 24 .47 2 .7 2
Seed so u rc e 4 5 .9 2 1 .4 8  1 .7 6
P la n ta t io n  x seed  so u rce 8 4 .2 4 0 .5 3  <1
E r ro r  (b ) 36 27 .03 0 .7 5  . . <1 
( 0 .8 4 ) -
Sam pling e r r o r  (b ) 540 456 .80 0 .8 5
T o ta l 599 536 .09
1 / P oo led  mean sq u a re  f o r e r r o r  ( b ) .
T a b le  4 . A n a ly s is  o f  v a r ia n c e  f o r  h e ig h t
S o u rces  o f  v a r i a t i o n D .I?. S .S . M.S. F
P la n ta t io n 2 1293.01 646.51 4 .6 4
B lo c k /P l tn  = E r ro r  (a ) 9 1253.88 139.32
Seed so u rc e 4 82 .9 9 20.75 <1
P la n ta t io n  x seed  so u rce 8 1055.01 131.88 2 .6 3 *
E r ro r  (b ) 36 1807.40 50 .2 1 3 .60**
Sam pling e r r o r  (b ) 540 7535.50 13.95
T o ta l 599 13027.79
* S ig n i f i c a n t  a t  th e  5% le v e l .
**  S ig n i f i c a n t  a t  th e  1% le v e l .
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S tu d y , W ells (1969) r e p o r te d  a  h ig h  d e g re e  o f  I n t e r a c t i o n  betw een 
p la n t in g  lo c a t io n s  and seed  so u rc e s  which fo llo w e d  a  d e f i n i t e  
g e o g ra p h ic  p a t t e r n .  Seed so u rc e s  from  a r e a s  w ith  h ig h  r a i n f a l l  
and m ild  w in te r s  w ere t a l l e s t  b u t when p la n te d  in  c o ld e r  
p la n t in g  lo c a t io n s ,  th e s e  so u rc e s  were o u tp e rfo rm ed  by th o se  
from  a r e a s  w ith  low summer r a i n f a l l  and c o ld  w in te r s .
V a r ia t io n  i n  wood p r o p e r t i e s
The d i f f e r e n t  wood p r o p e r t i e s  in v e s t ig a te d  w ere p e rc e n ta g e  
la te w o o d , w id th  o f  an n u al r i n g ,  c e l l  d im e n s io n s , t r a c h e id  le n g th , 
and s p e c i f i c  g r a v i ty .  T hese  c h a r a c t e r i s t i c s  have been  found to  
v a ry  w i th in  an  in d iv id u a l  t r e e ,  betw een t r e e s ,  among g e o g rap h ic  
lo c a t io n s  (R end le  1958b, Kennedy 1961, Zobel e t  a l .  1972). 
F u r th e rm o re , th e s e  t r a i t s  h ave  been  re p o r te d  by  many a u th o rs  to  
be  i n t e r r e l a t e d  (Z obel e t  a l . 1960, E cho ls  1958, L a rso n  1957,
Van B u ij te n e n  e t  a l .  1961, S q u i l la c e  e t  al_. 1962, Wellwood 1961). 
S p e c i f ic  g r a v i t y ,  f o r  exam ple, i s  known to  be  c lo s e ly  r e l a t e d  to  
p e rc e n t  la tew ood and c e l l  ^ .1 1  th ic k n e s s  (E ch o ls  1958, Zobel 
e t  a l . 1961b, Mergen e t  a l . 1964). The i n t e r r e l a t i o n s h i p s  
betw een  th e s e  c h a r a c te r s  a r e  p re s e n te d  and d is c u s s e d  i n  more 
d e t a i l  i n  a  l a t e r  s e c t io n  o f t h i s  d i s s e r t a t i o n .
P e rc e n ta g e  la tew ood . - -  T h ere  was a  v e ry  s l i g h t  d i f f e r e n c e  
i n  th e  p ro p o r t io n  o f la tew ood  among p la n t a t i o n s  (T ab le  1) and 
among seed  so u rc e s  o v e r a l l  p l a n ta t io n s  (T a b le  2 ) . T hese 
d i f f e r e n c e s  w ere n o t s t a t i s t i c a l l y  S ig n i f i c a n t  (T ab le  5 ) .
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Among seed  s o u rc e s , th e  means ranged  from  27.67  p e rc e n t  f o r  
' t h e  Vernon(N) to  30 .3 3  f o r  th e  Vernon (S ) and E as t F e l ic ia n a  
seed  s o u rc e s . These r e s u l t s  I n d ic a te d  no g e o g ra p h ic  v a r i a t i o n  
in  p e rc e n ta g e  o f  la tew ood i n  l o b l o l l y  p in e  from  th e s e  f iv e  
L o u is ia n a  s o u rc e s .
P la n ta t io n  means ranged  from  26 .80  to  31 .40  p e rc e n t  la tew ood . 
The p la n ta t io n  in  De R id d e r  had th e  h ig h e s t  p e rc e n ta g e  o f 
latew ood - a b o u t 8 .1  p e rc e n t  g r e a t e r  th a n  th e  o v e r a l l  a v e ra g e , 
w h ile  th e  p la n ta t io n  in  B ogalusa  had th e  s m a l le s t  p e rc e n ta g e  of 
latew ood - a b o u t 9 .1  p e rc e n t  l e s s  th a n  th e  o v e r a l l  mean.
The seed  so u rce  x p l a n t a t i o n  i n t e r a c t i o n  was n o t s i g n i f i c a n t .  
However, seed  so u rces  grow ing i n  th e  De R id d e r p la n ta t io n  have 
h ig h e r  p e rc e n ta g e  la tew o o d , s ig n i f y in g  f a v o ra b le  en v iro n m en ta l 
c o n d i t io n s  f o r  latew ood p ro d u c tio n  a t  t h a t  s i t e .
G eographic  v a r i a t i o n  i n  th e  p ro p o r t io n  o f  latew ood h a s  n o t 
been  in v e s t ig a te d  th o ro u g h ly  b e ca u se  i t  i s  a lw ays a s s o c ia te d  w ith  
s p e c i f i c  g r a v i ty .  However, L a rso n  (1 9 5 7 ) , w orking w ith  s la s h  p in e ,  
r e p o r te d  t h a t  th e  p e rc e n ta g e  o f  la tew ood  i n  t h i s  s p e c ie s  
in c re a s e d  from  n o r th  to  so u th  and from  w est to  e a s t  w ith in  th e  
s p e c ie s  ra n g e . In  th e  p re s e n t  s tu d y , no d e f i n i t e  p a t t e r n  o f 
g e o g ra p h ic  v a r i a t i o n  i n  p e rc e n ta g e  la tew ood was found f o r  th e  
f i v e  l o b l o l l y  p in e  seed  so u rc e s .
W idth o f an n u al r i n g .  - -  W idth o f an n u a l r in g  u s u a l ly  
d e c re a s e s  from  th e  p i t h  to  th e  b a rk  o f c o n ife ro u s  t r e e s .
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Table 5. Analysis of variance for percent latewood
S o u rc e s  o f  v a r i a t i o n D .F . S .S . M.S. F
P l a n t a t i o n 2 2 6 2 6 .6 4 1313 .32 3 .9 4
B lo c k /P l tn  = E r r o r  ( a ) 9 2 9 9 4 .6 5 3 3 2 .7 4
Seed s o u rc e 4 7 5 9 .9 2 1 8 9 .9 8 1 .2 0
P l a n t a t i o n  x  seed  s o u rc e 8 1242 .31 1 5 5 .2 8 <1
E r r o r  (b ) 36 6 0 0 5 .9 7 16 6 .8 3 1 .0 5
S am p lin g  e r r o r  (b ) 540 8547 8 .8 6 1 5 8 .2 9
T o ta l 599 9910 8 .3 5
T a b le  6 . A n a ly s is  o f  v a r ia n c e  f o r a v e r a g e w id th  o f a n n u a l  r i n g
S o u rc e s  o f  v a r i a t i o n D .F . S .S . M.S. F
P l a n t a t i o n 2 0 .0 2 2 0 .0 1 1 2 .3 2
B lo c k /P l tn  = E r r o r  ( a ) 9 0 .0 4 5 0 .0 0 5
Seed s o u rc e 4 0 .0 1 6 0 .0 0 4 3 .4 2 * *
P l a n t a t i o n  x  seed  s o u rc e 8 0 .0 1 0 0 .0 0 1 1 .0 0
E r r o r  (b ) 36 0 .0 4 6 0 .0 0 1 1 .0 0
S am p lin g  e r r o r  (b ) 540 0 .6 2 6 0 .0 0 1
T o t a l 5 99 0 .7 6 3
* *  S i g n i f i c a n t  a t  t h e  1% l e v e l .
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The w id e r an n u al r in g  In  th e  p i t h  I s  c h a r a c t e r i s t i c  o f  ju v e n i le  
wood (Z obel 1971) and i s  r e l a t e d  to  p h y s io lo g ic a l  ag in g  o f  th e  
cambium. T h is  t r a i t  a l s o  v a r ie s  be tw een  t r e e s  and g e o g ra p h ic  
lo c a t io n s  (H enderson  and P e t ty  1972, Thor and Brown 1962).
The a n a ly s i s  o f  v a r ia n c e  in d ic a te d  t h a t  th e  d i f f e r e n c e s  in  
w id th  o f an n u al r in g  among seed  so u rc e s  w ere h ig h ly  s i g n i f i c a n t  
(P < .01) (T ab le  6 ) .  The means ran g ed  from  0 .1 9 3  t o  0 .213  in c h e s  
w ith  an  a v e ra g e  o f  0 .2 0 4  in c h e s  (T ab le  2 ) .  The S t .  Tammany and 
W ashington seed  so u rc e s  c o n s i s t e n t ly  had th e  w id e s t an n u a l r in g  
a t  a l l  t h r e e  p la n t a t i o n s  in d ic a t in g  a  p o s s i b i l i t y  o f h ig h  
g e n e t ic  c o n t r o l  f o r  t h i s  p a r t i c u l a r  t r a i t .  A d d i t io n a l ly ,  th e r e  
was an e a s t - w e s t  g e o g ra p h ic  t r e n d  i n  v a r i a t i o n  i n  th e  w id th  o f 
an n u al r i n g .  I t  d e c re a s e s  from  th e  e a s te r n  so u rc e s  to  th e  
w e s te rn  so u rc e s  (T ab le  2 ) .
D if f e re n c e s  i n  w id th  of an n u a l r in g  among p la n t a t i o n s  were 
n o t s i g n i f i c a n t  (T ab le  6 ) .  The means were 0 .1 9 8 , 0 .2 0 2 , and 0 .212  
in c h e s  f o r  De R id d e r , B o g alu sa , and Id le w ild  p l a n t a t i o n s ,  
r e s p e c t iv e ly  (T ab le  1 ) .  The p l a n t a t i o n  x seed  so u rc e  i n t e r a c t i o n  
was a l s o  n o n - s ig n i f i c a n t .
C e ll d im en sio n s
S t a t i s t i c a l  a n a ly s e s  o f th e  d a ta  on c e l l  d im en sio n s  re v e a le d  
th a t  c e l l  w a ll th ic k n e s s  and w id th  o f c e l l  lumen v a ry  among 
p l a n t a t i o n s ,  seed s o u rc e s ,  and w i th in  an  in d iv id u a l  t r e e .
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1, C e l l  w a ll th ic k n e s s :  T h e re  was a  pronounced d i f f e r e n c e  
in  c e l l  w a ll th ic k n e s s  among seed  so u rces  (T a b le s  2 and 7 ) .  The 
c e l l  w a ll th ic k n e s s  f o r  th e  whole c o re  was l a r g e s t  (4 .7 5  m ic ro n s )  
i n  th e  Vernon (S ) seed  so u rc e  and was s m a l le s t  (4 .5 1  m ic ro n s) i n  
th e  W ashington  seed  s o u rc e . The a n a ly s i s  o f v a r ia n c e  a ls o  
in d ic a te d  a  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  among p la n ta t io n s  
(T ab le  7 ) .  P la n ta t io n  means w ere 4 .4 9 , 4 .5 9 , and 4 .8 9  mLcrons 
f o r  B o g a lu sa , I d le w i ld ,  and De R id d e r , r e s p e c t iv e ly .  These 
s i g n i f i c a n t  r e s u l t s  f o r  b o th  seed  so u rces  and p la n ta t io n s  would 
mean t h a t  c e l l  w a ll th ic k n e s s  i s  b o th  e n v iro n m e n ta lly  and g e n e t i ­
c a l l y  c o n t r o l l e d .  The g e o g ra p h ic  p a t t e r n  a p p e a rs  to  be 
d is c o n t in u o u s ,  i . e . ,  no d i s t i n c t  e a s t-w e s t  t r e n d  was e v id e n t  a s  
f o r  w id th  o f  an n u a l r i n g ,  above.
The wood n e a r  th e  p i t h  o f  th e  t r e e  h as  b een  v a r io u s ly  
r e f e r r e d  to  a s  " ju v e n i le  wood" o r  f'corew ood", and i t s  p r o p e r t i e s  
d i f f e r  from  th o s e  o f wood p roduced  f a r t h e r  from  th e  p i th  (Z o b el 
e t  a l .  19 5 9 ). I t  was found  in  t h i s  s tu d y  t h a t  th e  c e l l  w a ll 
th ic k n e s s  in  th e  p i t h  s e c t io n  and b a rk  s e c t io n  d i f f e r e d  
s i g n i f i c a n t l y  (T ab le  7 ) .  The p i t h  s e c t io n  had a  c e l l  w a ll a v e ra g e  
o f 3 .7 8  m ic ro n s , w h ile  th e  b a rk  s e c t io n  a v e rag e d  5 .5 5  m ic ro n s .
D if f e r e n c e s  i n  c e l l  w a ll th ic k n e s s  o f th e  r a d i a l  and 
t a n g e n t i a l  d im en sio n  w ere n o t s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
r a d i a l  d im en sio n  had a  mean o f 4 .6 5  m ic ro n s , w h ile  th e  t a n g e n t i a l  
d im ension  had a  mean o f  4 .6 7  m ic ro n s . T here  was how ever, a
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Table 7. Analysis of variance for cell wall thickness
S o u rces  o f v a r i a t i o n D .F . S .S . M.S. F
P la n ta t io n 2 13 .222 6.611 2 8 .7 3 * *
B lo c k /P l tn  = E r r o r  (a ) 9 2 .071 0 .230
Seed so u rce 4 3 .9 4 4 0.986 3 .4 1 *
P la n ta t i o n  x see d  so u rce 8 4 .8 3 1 0 .604 2 .0 9
E r r o r  (b ) 36 18.693 0.519
(0.2B 9) I / 1 *90
Sam pling e r r o r  (b ) 540 147.621 0 .273
S e c tio n  ( p i t h  o r  b a rk ) 1 379.266 379.366 3930 .60**
C e l l  ( t a n g e n t i a l  o r  r a d i a l ) 1 0 .0 8 1 0.081 *1
S e c t io n  x c e l l 1 0 .5 8 6 0.586 6 .0 7 *
P la n ta t io n  x s e c t io n 2 33 .761 16.880 174 .90**
P la n ta t io n  x c e l l 2 1 .156 0 .578 5 .9 9 *
P la n ta t io n  x s e c t io n  x c e l l 2 0 .1 3 1 0.066 -cl
Seed so u rce  x s e c t io n 4 1 .561 0 .390 4 .0 4 * *
Seed so u rce  x c e l l 4 0 .0 9 5 0 .024 -cl
Seed so u rce  x s e c t io n  x c e l l 4 0 .0 6 3 0.016 ■cl
P la n t a t i o n  x  s o u rc e  x  s e c t io n 8 3 .6 3 1 0 .544 4 .7 0 * *
P la n ta t i o n  x s o u rc e  x  c e l l  
P l a n t a t i o n  x s o u rc e  x  s e c t io n
8 0 .2 2 8 0.029 -c l
x  c e l l 8 0 .2 1 6 0 .027 c.1
E r r o r  (c )  






*  S ig n i f ic a n t  a t  th e  5% l e v e l .
** S ig n i f ic a n t  a t  th e  1% l e v e l .
1 /  Poo led  mean sq u a re  f o r  e r r o r  ( b ) .
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s ig n i f i c a n t  i n t e r a c t i o n  betw een c o re  s e c t io n  and c e l l  d im en sio n s. 
The c e l l  w a ll th ic k n e s s  i n  b o th  th e  r a d i a l  and ta n g e n t i a l  
d im ensions o f  c e l l s  i n  th e  p i t h  s e c t io n  was c o n s id e ra b ly  sm a lle r  
th a n  in  th e  b a rk  s e c t io n  (T a b le s  1 and 2 ) .  T here  was no 
d i f f e r e n c e  i n  c e l l  w a ll th ic k n e s s  betw een  th e  t a n g e n t i a l  and 
r a d i a l  d im en sio n  of c e l l s  i n  e i t h e r  th e  p i t h  s e c t io n  o r  b a rk  
s e c t io n .  T h is  i n t e r a c t i o n  i l l u s t r a t e s  t h a t  c e l l  w a ll th ic k n e s s  
i n  th e  c o re  s e c t io n  was n o t in d e p en d e n t o f  th e  c e l l  d im ensions 
( r a d i a l  o r  t a n g e n t i a l ) .  L a rso n  (1960) had im p lie d  t h a t  i n  th e  
ju v e n i le  wood th e  c e l l s  m ost f r e q u e n t ly  rem ain  th in - w a l le d  and 
a r e  th ic k e r  i n  th e  m atu re  wood. T h is  c e l l  w a ll developm ent i s  
dependent upon p h y s io lo g ic a l  c o n d i t io n s  d u rin g  th e  i n i t i a t i o n  
o f change.
S ig n i f i c a n t  i n t e r a c t i o n s  were a l s o  observed  f o r  p la n ta t io n  
x c o re  s e c t io n ,  p la n ta t io n  x  c e l l  d im e n s io n s , seed  so u rc e  x c o re  
s e c t io n ,  and p la n ta t io n  x  seed  so u rc e  x  c o re  s e c t io n .  O th er 
i n t e r a c t i o n s  d id  n o t show s ig n i f ic a n c e  (T ab le  7 ) .  The s ig n i f i c a n t  
i n t e r a c t i o n  betw een  p la n t a t i o n  and c o re  s e c t io n  co u ld  r e f l e c t  
an  In f lu e n c e  o f  environm ent on wood fo rm a tio n  d u r in g  developm ent 
o f  th e  t r e e s .  The d i f f e r e n c e  i n  c e l l  w a ll  th ic k n e s s  betw een  co re  
s e c t io n s  h a s  a l r e a d y  been  d is c u s s e d . I n  T ab le  1 , d i f f e r e n c e s  
among p l a n t a t i o n s  in  la tew ood  c e l l  w a ll  th ic k n e s s  f o r  b o th  p i t h  
and b a rk  s e c t io n s  a re  e v id e n t .  The De R id d e r  p l a n t a t i o n  had a  
mean c e l l  w a ll  th ic k n e s s  f o r  b o th  p i t h  and b a rk  s e c t io n s  o f  4 .8 9  
m ic ro n s , a b o u t s ix  p e rc e n t  h ig h e r  th a n  th e  o th e r  two
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p l a n t a t i o n s .  T hese o b s e r v a t io n s  can be r e l a t e d  t o  en v iro n m en ta l 
c o n d i t io n s  fa v o r in g  a  lo n g e r d u r a t io n  o f la tew o o d  p ro d u c tio n  
a t  t h i s  p la n t in g  s i t e .  O ther a u th o r s  have r e p o r te d  th a t  changes 
i n  c e l l  d im ensions o f  b o th  earlyw ood  and la tew o o d  ap p ea r to  be  
r e l a t e d  to  v a r i a t i o n s  i n  t r e e  sp a c in g  (H ie t t  a t  a l .  I9 6 0 ) , r a t e  
o f  g row th  (Pew and K nechtges 1 9 3 9 ), and te m p e ra tu re  (Van 
B u ijte n e n  1958, L a rso n  1960).
2 . W idth o f c e l l  lumen: A com parison o f t h e  v a lu e s  f o r  c e l l
w a ll th ic k n e s s  and w id th  o f lum en in d ic a te s  t h e  s tro n g  n e g a tiv e  
c o r r e l a t i o n  betw een th e s e  t r a i t s .  C e lls  w ith  t h i c k e r  w a lls  have  
n a rro w er lumenB and v ic e  v e r s a .
A c c o rd in g ly , w id th  o f c e l l  lumen a g a in  d i f f e r e d  s i g n i f i c a n t l y  
among seed  so u rc e s  (T ab le  8 ) .  The means ran g ed  from  3 3 .9  m ic ro n s  
f o r  th e  E a s t F e l i c i a n a  seed  s o u rc e  to  35 .9  m ic ro n s  f o r  th e  
V ernon (N) and W ashington seed  so u rc e s  (T ab le  2 ) .
The v a r i a t i o n  i n  w id th  o f c e l l  lumen and c e l l  w a ll 
th ic k n e s s  o f  l o b l o l l y  p in e  in  L o u is ia n a  had no d i s t i n c t  
g e o g ra p h ic  p a t t e r n .  T re e s  w ith  t h ic k e r  w a lls  and  narrow er lum ens 
w ere found  i n  b o th  th e  w e ste rn  (Vernon - S) an d  e a s te r n  
( S t .  Tammany) p o r t io n s  o f th e  sam pled ra n g e , y e t  t r e e s  w ith  
w id e r lumen d ia m e te rs  and t h i n  w a l ls  were a l s o  found  in  th e  
e a s te r n  p a r t  (W ash in g to n ).
The a n a ly s i s  o f  v a r ia n c e  showed a  s i g n i f i c a n t  d i f f e r e n c e  i n  
c e l l  lumen d ia m e te r  among p l a n t a t i o n s  (T ab le  8 ) .  T ree s  in  th e
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Table 8. Analysis of variance for width of cell lumen
S o u rces  o f  v a r i a t i o n D .F . S.S. M.S. F
P la n t a t i o n 2 6357.46 3178.73 113.47**
B lo c k /P l tn  = E r ro r  (a ) 9 252 .12 28.01
Seed so u rc e 4 291.27 27 .82 3 .3 2 *
P la n ta t i o n  x  seed  so u rce 8 97.05 12.13 -cl
E r ro r  ( b )






(2 1 .9 8 )
21 .07
u u 6 9
S e c tio n  ( p i t h  o r  b a rk ) 1 7604.87 7604.87 449 .83**
C e l l  ( t a n g e n t i a l  o r  r a d i a l ) 1 2129.67 2129.67 125 .97**
S e c tio n  x  c e l l 1 4610.94 4610 .94 272 .74**
P la n ta t io n  x s e c t io n 2 824.41 412 .20 24 .38**
P la n ta t io n  x c e l l 2 733 .47 366 .74 21 .69**
P l a n t a t i o n  x s e c t io n  x c e l l 2 964 .08 4 8 2 .0 4 28 .51**
Seed so u rc e  x s e c t io n 4 55 .03 13.76 -Cl
Seed so u rc e  x  c e l l 4 59 .69 14.92 -c l
Seed so u rc e  x s e c t io n  x c e l l 4 49 .61 12.40 *1
P la n ta t i o n  x so u rc e  x s e c t io n 8 153 .64 19.21 1 .1 4
P la n t a t i o n  x so u rc e  x  c e l l 8 103.11 12.89 - t l
P l a n t a t i o n  x  so u rc e  x s e c t io n  
x  c e l l 8 105 .43 13 .18 -cl
E r ro r  (c ) 1755 29670.28 16.91
T o ta l 2399 66723.89
* S ig n i f i c a n t  a t  th e  5% l e v e l .
**  S i g n i f i c a n t  a t  th e  1% l e v e l .
1 / P o o led  mean sq u a re  f o r  e r r o r  ( b ) .
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De R id d e r  p l a n t a t i o n  had th e  n a rro w e s t c e l l  lumen d ia m e te r  w ith  
a  mean o f  31 .55  m ic ro n s , w h ile  t r e e s  i n  th e  Id le w ild  and B ogalusa  
p la n t a t i o n s  av erag ed  33 .55  and 39 .9 8  m ic ro n s , r e s p e c t iv e ly .
A gain , t h i s  t r e n d  i s  e x a c t ly  th e  o p p o s ite  o f  t h a t  in  c e l l  w a ll 
th ic k n e s s .  T re e s  i n  th e  Id le w ild  and B ogalusa p la n t a t i o n s  have 
th in n e r  c e l l  w a l ls  and w id e r lumens th a n  th o se  i n  th e  De R id d e r 
p l a n t a t i o n .
V a r ia t io n  i n  w id th  o f  c e l l  lumen w i th in  in d iv id u a l  t r e e s  
was found  to  b e  s t a t i s t i c a l l y  s i g n i f i c a n t .  C e l l  lumen d ia m e te r  
v a r ie d  n o t o n ly  betw een  p i t h  and b a rk  s e c t io n s  o f  a  c o re ,  b u t 
a l s o  betw een th e  t a n g e n t i a l  and r a d i a l  d im en sio n  o f c e l l s  
(T ab le  8 ) .  W idth o f  c e l l  lumen was w id e s t  a t  th e  p i t h  s e c t io n  
o f  th e  c o re s  (3 8 .9  m ic ro n s) and t a n g e n t i a l  c e l l  d im ension  (3 7 .1  
m ic ro n s ) ,  n a rro w e s t a t  th e  b a rk  s e c t io n  (3 1 .0  m ic ro n s) and 
r a d i a l  c e l l  d im en sio n  ( 3 2 . 9  m ic ro n s ) . T h is  f in d in g  a g re e s  w ith  
th o s e  o f  S c h u ltz e -D ew itz e  (1955) and N y lin d e r (1953) who re p o r te d  
t h a t  c r o s s - s e c t i o n a l  d im ensions o f  th e  c e l l  lumen d e c r e a s e s  from  
p i t h  to  b a rk  and i s  b ro a d e r  t a n g e n t i a l l y  th an  r a d i a l l y .
S ig n i f i c a n t  i n t e r a c t i o n s  w ere n o ted  f o r  c o re  s e c t io n  x c e l l  
d im en s io n , p l a n t a t i o n  x c o re  s e c t io n ,  p l a n t a t i o n  x c e l l  
d im e n s io n , and p l a n t a t i o n  x s e c t io n  x c e l l .  O th er i n t e r a c t i o n s  
w ere n o t s i g n i f i c a n t  (T ab le  8 ) .  The c o re  s e c t io n  x c e l l  
d im en sio n  i n t e r a c t i o n  can  b e  seen  more r e a d i l y  i n  T a b le s  1 and 2. 
The c e l l  lumen w id th  d e c re a s e s  from  p i t h  tow ard th e  b a rk , i s
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b ro a d e r  t a n g e n t i a l l y  th a n  r a d i a l l y  a t  th e  p i t h  s e c t io n ,  b u t 
n a rro w er a t  th e  b a rk  s e c t io n .
The p l a n t a t i o n  x c o re  s e c t io n  i n t e r a c t i o n  was h ig h ly  
s i g n i f i c a n t  (B < .01) f o r  w id th  o f  c e l l  lum en. In  T ab le  1, i t  can 
be seen  th a t  t r e e s  grown a t  B ogalusa  had w id e r c e l l  lumen th an  
th o s e  grown a t  th e  o th e r  two p l a n t a t i o n s .  The d i f f e r e n c e  i n  c e l l  
lumen w id th  betw een  p i t h  and b a rk  s e c t io n s  w ith in  p l a n t a t i o n  was 
v e ry  s l i g h t ,  how ever.
T ra c h e id  le n g th  - -  In  p re v io u s  s tu d i e s ,  v a r i a t i o n  i n  
t r a c h e id  le n g th  was found w i th in  a  t r e e ,  betw een t r e e s ,  and 
among g eo g ra p h ic  o r ig i n s .  In  c o n i f e r s ,  t r a c h e id  le n g th  in c r e a s e s  
from  th e  p i th  tow ard  th e  b a rk  and d e c re a s e s  from  th e  b a se  to  th e  
to p  o f  a  t r e e  (E c h o ls  1955, Kramer 1957, D adsw ell and W ardrop 
1960, Choong e t  a l .  1970). V a r ia t io n  i n  t r a c h e id  le n g th  among 
in d iv id u a l  t r e e s  and among g e o g ra p h ic  a r e a s  h a s  been  found  by 
many a u th o rs  (Kram er 1957, Z obel e t  a l .  1960, Posey e t  a l .  1970. 
Dorn 1969).
R e s u l ts  o f  t h i s  s tu d y  showed s i g n i f i c a n t  v a r i a t i o n  i n  
t r a c h e id  le n g th  w i th in  a  t r e e  b u t no s i g n i f i c a n t  v a r i a t i o n  was 
n o ted  among g e o g ra p h ic  o r ig in s  (T ab le  9 ) .  T h e re  was how ever, a  
s i g n i f i c a n t  d i f f e r e n c e  in  t r a c h e id  le n g th  among p l a n t a t i o n s .
In  a d d i t io n ,  th e  a n a ly s i s  o f  v a r ia n c e  in d ic a te d  s i g n i f i c a n t  
i n t e r a c t i o n s  f o r  c o re  s e c t io n  x p e r io d  (earlyw ood  o r  la te w o o d ) , 
p l a n t a t i o n  x c o re  s e c t io n ,  p l a n t a t i o n  x p e r io d ,  seed s o u rc e  x
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Table 9. Analysis of variance for tracheid Length
S o u rces  o f  v a r i a t i o n D.F. S .S . M.S. F
P la n ta t io n 2 381 .88 190 .94 5 .0 3 *
B lo c k /P ltn  = E r r o r  ( a ) 9 3 4 2 .5 9 38 .0 6
Seed so u rce 4 60 .2 5 15 .06 1 .36
P la n ta t io n  x  seed  so u rc e 8 196 .19 2 4 .5 2 2 .2 2 *
E r r o r  (b) 36 398 .25 1L.06 2 .2 8 *
Sam pling e r r o r  (b ) 540 2618 .19 4 .8 4
C ore s e c t io n  ( p i t h  o r  b a rk ) 1 32833 .80 32833.80 2122.26**
P e r io d  (la tew o o d  o r  earlyw ood) 1 91 2 .1 7 912 .17 602 .6 5 * *
C ore s e c t io n  x p e r io d 1 149.70 149 .70 9 8 .90**
P la n ta t io n  x c o re  s e c t io n 2 1151.93 5 7 5 .9 8 380 .53**
P la n ta t io n  x p e r io d 2 168 .40 8 4 .2 0 5 5 .6 3 * *
P la n ta t io n  x s e c t io n  x  p e r io d 2 10 .29 5 .1 4 3 .3 9 * *
Seed so u rce  x  c o re  s e c t io n 4 72 .03 18 .01 11 .89**
Seed so u rce  x  p e r io d 4 9 .5 9 2 .3 9 1 .6 0
Seed sou rce  x  s e c t io n  x p e r io d 4 5 . 2 7 1 .3 2 <*1
P la n ta t io n  x so u rc e  x s e c t io n 8 9 6 .8 2 1 2 .1 0 7 .9 9 * *
P la n ta t io n  x  s o u rc e  x  p e r io d 8 8 .7 1 1 .0 9 1
P la n ta t io n  x  s o u rc e  x s e c t io n 8 18 .22 2 .2 8 1 .51
E r ro r  (c ) 1755 2656 .42 1.51
T o ta l 2399 42090 .73
* S ig n i f i c a n t  a t  th e  5% l e v e l .
** S ig n i f i c a n t  a t  th e  1% l e v e l .
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c o re  s e c t io n ,  p la n ta t io n  x c o re  s e c t io n  x p e r io d ,  and p la n ta t io n  
x seed  so u rce  x c o re  s e c t io n .
In  th e  p r e s e n t  s tu d y , th e  s i g n i f i c a n t  d i f f e r e n c e  in  t r a c h e id  
le n g th  among p l a n ta t io n s  and th e  n o n - s ig n i f i c a n t  d i f f e r e n c e  
among seed so u rc e s  su g g es t a  s tro n g  d e g re e  o f en v iro n m en ta l 
c o n t r o l  o f t h i s  t r a i t .  The p la n ta t io n  means w ere 2 .6 1 , 2 .7 5 , 
and 2 .7 2  mm. f o r  B o g a lu sa , De R id d e r , and I d le w i ld ,  r e s p e c t iv e ly .  
The seed  so u rce  means w ere 2 .6 7 , 2 .6 7 , 2 . 6 9 ,  2 .7 0 , and 2 .7 4  mm . 
f o r  E a s t F e l i c i a n a ,  W ash ing ton , S t .  Tammany, V ernon ( N ) , and 
V ernon (S ) seed s o u rc e s , r e s p e c t iv e ly .  The d i f f e r e n c e s  i n  
t r a c h e id  le n g th  among p la n ta t io n s  w ere much g r e a t e r  th a n  th e  
d i f f e r e n c e s  among seed s o u rc e s .
A lthough  g e o g ra p h ic  d i f f e r e n c e s  w ere no t s t a t i s t i c a l l y  
s i g n i f i c a n t ,  th e r e  seems to  be  a  weak c l i n a l  t r e n d  i n  t r a c h e id  
le n g th  v a r i a t i o n  a lo n g  an  e a s t-w e s t  and n o r th - s o u th  t r a n s e c t .
Seed so u rc e s  f rom th e  w e s te rn  p a r t  o f th e  S ta te  have lo n g e r  
t r a c h e id s  th a n  seed  so u rc e s  from  th e  e a s t ,  and th e  n o r th e rn  
seed  so u rc e  (V ernon - N) had s h o r te r  t r a c h e id s  th a n  th e  so u th e rn  
seed  so u rc e  (V ernon - S ) ,  A d e c re a se  i n  t r a c h e id  le n g th  i n  
l o b l o l l y  p in e  p o p u la t io n s  from  so u th  t o  n o r th  was re p o r te d  by 
Zobel e t  a l .  (1960a) in  a  s tu d y  o f  seed  so u rc e s  c o l le c te d  from  
th e  e n t i r e  A t l a n t i c  C o a s ta l P la in .  A s im i la r  g eo g ra p h ic  t r e n d  
was found  by W h ite s e l l  e t  al_. (1966) i n  l o b lo l ly  p in e  from  
M aryland and D elaw are .
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S ig n i f i c a n t  d i f f e r e n c e s  w ere o b serv ed  i n  t r a c h e id  le n g th  
betw een th e  p i t h  s e c t io n  and b a rk  s e c t io n  (T ab les  1 and 9 ) . The 
p i t h  s e c t io n  had an a v e ra g e  t r a c h e id  le n g th  o f 2.11 mm., w h ile  
th e  b a rk  s e c t io n  had an  av e rag e  o f  3 .27  mm. I t  had b een  e a r l i e r  
r e p o r te d  t h a t  t r a c h e id s  a r e  s h o r te s t  n e a r  th e  p i th  and lo n g e s t 
n e a r  th e  b a rk  i n  c o n i f e r s  (A nderson 1952, Choong e t  a l . 1970). 
Kennedy (1957) e x p la in e d  t h a t ,  o f  th e  two f a c to r s  c a u s in g  
v a r i a t i o n  i n  f i b e r  l e n g th ,  th e  le n g th  o f  th e  I n i t i a t i n g  c e l l  i n  
th e  cambium i s  more im p o r ta n t i n  c o n ife ro u s  t r e e s  th a n  th e  
e lo n g a t io n  o f  th e  young d a u g h te r  c e l l  a f t e r  d i f f e r e n t i a t i o n .
T ra c h e id  le n g th s  in  th e  latew ood w ere  s i g n i f i c a n t l y  lo n g e r  
th a n  th e  t r a c h e id  le n g th s  i n  th e  earlyw ood . Latewood had an 
a v e rag e  t r a c h e id  le n g th  o f 2 .7 9  mm., w h ile  earlyw ood had  an 
a v e rag e  t r a c h e id  le n g th  o f 2 .5 9  mm. T h ere  seems to  be some 
d i f f e r e n c e  o f  o p in io n  w ith  r e s p e c t  to  w h e th e r th e  t r a c h e id  
le n g th  o f  th e  la tew ood  d i f f e r s  from  t h a t  o f  th e  earlyw ood.
G erry  (1916) r e p o r te d  t h a t  th e  latew ood t r a c h e id s  o f  D o u g la s - f i r  
and so u th e rn  p in e s  w ere s h o r t e r  th a n  earlyw ood t r a c h e id s ;  b u t 
Jack so n  and G reene (1957) d id  n o t f in d  an y  d i f f e r e n c e  betw een 
latew ood and earlyw ood t r a c h e id s  i n  s o u th e rn  p in e s . O th e r 
i n v e s t i g a to r s  ( B i s s e t t  and D adsw ell 1950, Anderson 1951,
D adsw ell and Wardrop 1960) have  in d ic a te d  t h a t  latew ood t r a c h e id s  
w ere s l i g h t l y  lo n g e r  th a n  th e  earlyw ood t r a c h e id s .
S p e c i f ic  g r a v i t y . — Most i n v e s t i g a t o r s  who h av e  s tu d ie d  
s p e c i f i c  g r a v i ty  o f  l o b l o l l y  p in e  have r e p o r te d  la r g e  v a r i a t i o n
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Table 10. Analysis of variance for specific gravity
S o u rces  o f  v a r i a t i o n D.F. S .S . M.S. F
P la n ta t io n 2 0 .3 4 8 0 .1 7 4 4 7 .2 8 *
B lo c k /P l tn  = E r ro r  ( a ) 9 0 .0 3 3 0 .0 0 4
Seed so u rc e 4 0 .1 1 8 0 .0 2 9 5 .8 9 * *
P la n ta t i o n  x seed  so u rc e 8 0 .096 0 .0 1 2 2 .4 0 *
E r ro r  (b )




2 .6 7 7
0 .0 0 6  . .  
( 0 .0 0 5 ) -  
0 .0 0 4 9
1 .1 4
C ore s e c t io n  ( p i t h  o r  b a rk ) 1 10.295 10.295 9969.11**
E x t r a c t io n ,  m ethods o f 1 0 .4 3 3 0 .4 3 3 418 .93**
C ore B ec tio n  x e x t r a c t i o n 1 0 .0 0 6 0 .006 5 .5 9 *
P l a n t a t i o n  x c o re  s e c t io n 2 0 .0 5 5 0 .0 2 7 26 .56**
P la n ta t i o n  x e x t r a c t i o n 2 0 .0 0 4 0 .0 0 2 2 .1 4
P la n t a t i o n  x s e c t io n  x  e x t r a c t io n  2 0 .0006 0 .0 0 0 3 *1
Seed so u rc e  x c o re  s e c t io n 4 0 .0 1 3 0 .0 0 3 3 .1 5 *
Seed so u rc e  x e x t r a c t i o n 4 0 .0015 0 .0 0 0 4 <1
Seed so u rc e  x s e c t io n  x e x t r a c t io n 4 0 .0012 0 .0 0 0 3 <1
P l a n t a t i o n  x so u rc e  x s e c t io n 8 0 .0298 0 .0 0 3 7 3 .6 2 * *
P la n ta t i o n  x so u rc e  x  e x t r a c t io n  8 0 .001 0 .0 0 0 1 3 <1
P la n ta t i o n  x so u rc e  x  c o re  
x  e x t r a c t i o n 8 0 .0008 0 .0 0 0 1 -Cl
E r ro r  (c )  1755 1 .812 0 .0 0 1 0 3
T o ta l 2399 16.1308
* S ig n i f i c a n t  a t  t h e  5% le v e l .
**  S ig n i f i c a n t  a t  th e  1% le v e l .
1 /  P o o led  mean sq u a re  f o r  e r r o r  ( b ) .
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w ith in  t r e e s ,  among t r e e s ,  and among g e o g ra p h ic  o r ig i n s .  R e s u l ts  
o b ta in e d  from  t h i s  s tu d y  w ere no e x c e p tio n .
A n a ly s is  o f  v a r ia n c e  (T ab le  10) in d ic a te d  s i g n i f i c a n t  
d i f f e r e n c e s  i n  s p e c i f i c  g r a v i ty  among p l a n t a t i o n s ,  seed  s o u rc e s , 
and betw een  c o re  s e c t io n s .  S ig n i f i c a n t  i n t e r a c t i o n s  w ere a l s o  
o b ta in e d  f o r  th e  p l a n t a t i o n  x seed s o u rc e , p l a n t a t i o n  x c o re  
s e c t io n ,  c o re  s e c t io n  x  e x t r a c t i o n ,  seed  so u rce  x c o re  s e c t io n ,  
and p l a n t a t i o n  x seed so u rc e  x c o re  s e c t io n .
H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  w ere found among seed  so u rc e s  
(T ab le  1 0 ) . The a v e ra g e  e x t r a c te d  s p e c i f i c  g r a v i t i e s  (w hole co re ) 
f o r  th e  d i f f e r e n t  seed  so u rc e s  w ere 0 .4 2 9 , 0 ,4 2 4 , 0 .4 2 1 , 0 .4 2 0 , 
and 0 .4 0 8  f o r  Vernon ( S ) ,  S t .  Tammany, E a s t F e l i c i a n a ,  V ernon (N),  
and W ashington seed  s o u rc e s ,  r e s p e c t iv e ly  (T ab le  1 1 ) . The m ost 
w e s te r ly  seed  so u rc e  (V ernon - S) had th e  h ig h e s t  a v e rag e  
s p e c i f i c  g r a v i ty ,  w h ile  th e  W ashington p a r i s h  seed  so u rc e  had th e  
lo w e s t .
S ig n i f i c a n t  d i f f e r e n c e s  w ere a l s o  o b ta in e d  among p l a n t a t i o n s .  
The mean s p e c i f i c  g r a v i t i e s  ( e x t r a c te d )  f o r  th e  d i f f e r e n t  
p la n t a t i o n s  were 0 .4 4 ,  0 .4 1 ,  and 0 .4 1 ,  f o r  De R id d e r , B o g a lu sa , 
and I d le w i ld ,  r e s p e c t iv e ly .  A ll  seed  so u rc e s  had h ig h e r  s p e c i f i c  
g r a v i ty  in  th e  De R id d e r  p l a n t a t i o n ,  i n d i c a t in g  e n v iro n m en ta l 
c o n d i t io n s  f a v o r in g  th e  developm ent o f  d e n se r  wood (T ab le  1 1 ).
The e a r ly  m o is tu re  s t r e s s  d u r in g  th e  a c t i v e  grow ing p e r io d  
in  t r e e s  i n  De R id d e r  p l a n t a t i o n  c o u ld  have i n i t i a t e d  p ro lo n g ed
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T a b le  11. Com parison o f  wood s p e c i f i c  g r a v i ty  ( e x t r a c te d )  
o f  seed  so u rc e s  w ith in  p l a n ta t io n
P la n ta t io n
Seed so u rc e s B ogalusa De R id d er Id le w ild Mean
E a s t F e l ic ia n a 0 .4 1 7 0 .4 2 7 0 .4 1 9 0 .421
S t .  Tammany 0 .4 1 7 0 .4 3 9 0 .4 1 8 0 .4 2 4
Vernon (N) 0 .403 0 .4 4 8 0 .4 0 7 0 .420
Vernon (S ) 0 .426 0 .4 5 0 0 .411 0 .429
W ashington 0 .393 0 .4 2 8 0 .4 0 3 0 .4 0 8
Mean 0 .411 0 .4 3 8 0.411 0 .4 2 0
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p ro d u c tio n  o£ la tew ood b u t l e s s  d ia m e te r  g row th . D iam eter g ro w th , 
w hich depends m a in ly  on th e  p ro d u c ts  o f  c u r r e n t  p h o to s y n th e s is ,  
slow s o r  c e a s e s  d u r in g  p e r io d s  o f  ex trem e m o is tu re  s t r e s s  and 
r e a c c e l e r a t e s  when th e  s o i l  I s  re c h a rg e d  by r a i n .  D uring  th e  
p e r io d  when d ia m e te r  grow th  slow s down, more o f th e  c a rb o h y d ra te s  
a r e  In c o rp o ra te d  I n to  th e  c e l l  w a l ls  r e s u l t i n g  i n  th e  p ro d u c tio n  
o f  th ic k -w a lle d  c e l l s .
The i n t e r a c t i o n  betw een p l a n t a t i o n  and seed  so u rc e  was 
s i g n i f i c a n t  (P < .0 5 ) (T ab le  1 0 ). T h is  i n t e r a c t i o n  i s  most 
n o t ic e a b le  I n  th e  low er s p e c i f i c  g r a v i t y  o f  t r e e s  from  th e  
W ashington seed  so u rc e  grown i n  a l l  p l a n t a t i o n s  and th e  r e l a t i v e l y  
h ig h e r  s p e c i f i c  g r a v i ty  o f  t r e e s  from  th e  Vernon (S ) and S t .  
Tammany seed  so u rc e s  when grown everyw here  e x ce p t i n  th e  
Id le w ild  p l a n t a t i o n .  In  th e  De R id d e r  p l a n t a t i o n ,  th e  a v e rag e  
s p e c i f i c  g r a v i ty  o f  th e  lo c a l  seed so u rc e  was n o t ic e a b ly  h ig h e r  
th a n  t h a t  o f  th e  n o n - lo c a l  s o u rc e s . The same was t r u e  w ith  th e  
" lo c a l "  so u rc e s  a t  th e  o th e r  p la n t a t i o n s  (T ab le  11) a lth o u g h  
th e  d i f f e r e n c e s  w ere v e ry  sm a ll.
The i n t e r a c t i o n  betw een  p l a n t a t i o n  and seed  so u rc e  I n d ic a te s  
b o th  e n v iro n m en ta l and g e n e t i c  c o n t r o l  o f  s p e c i f i c  g r a v i ty .
Goggans (1961) p o in te d  o u t t h a t  e n v iro n m e n ta l f a c t o r s  can a f f e c t  
s p e c i f i c  g r a v i ty  c o n s id e ra b ly ,  b u t  when one exam ines th o se  
en v iro n m e n ta l f a c t o r s  t h a t  th e  p r a c t i c i n g  f o r e s t e r  can c o n t r o l  
w ith in  a  g iv e n  s ta n d  i t  i s  e v id e n t  t h a t  th e  p r a c t i c a l  s ig n i f ic a n c e  
o f  th e  e n v iro n m e n ta l e f f e c t  becomes much l e s s .  I n  a n o th e r  r e p o r t ,
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Zobel e t  a l ,  (1972) s ta t e d  t h a t  a lth o u g h  s p e c i f i c  g ra v i ty  i s  a  
com plex c h a r a c t e r i s t i c  a f f e c t e d  by p e rc e n t  latew ood, w a ll 
th ic k n e s s  and c e l l  s i z e ,  i t  i s  in h e r i t e d  r a th e r  s t ro n g ly ,  w ith  
a  n a rro w -se n se  h e r i t a b i l i t y  betw een 0 ,5 0  and 0 ,6 5 . T h is  e n a b le s  
good g e n e t ic  g a in s  to  be o b ta in e d  by s e le c t io n  and b re e d in g  of 
d e s i r e d  p a r e n ts .
The d i f f e r e n c e  in  s p e c i f i c  g r a v i ty  betw een th e  p i t h  and 
b a rk  s e c t io n s  was h ig h ly  s i g n i f i c a n t  (T ab le  10 ). Mean s p e c i f i c  
g r a v i ty  ( e x t r a c te d )  f o r  th e  p i t h  s e c t io n  was 0 .3 7 , w h ile  th e  
b a rk  s e c t io n  was 0 ,5 0 . T h is  s i g n i f i c a n t  d i f f e r e n c e  was ex p ec ted  
a s  i t  had b een  re p o r te d  by s e v e r a l  a u th o rs  (P ansh in  e t  a l .  1964, 
Goggans 1961, Zobel and Me Elwee 1958a) t h a t  w ith in  th e  stem  of 
c o n i f e r s ,  s p e c i f i c  g r a v i ty  o f  wood te n d s  to  in c re a s e  from  th e  
p i t h  tow ard  th e  b a rk .
A s i g n i f i c a n t  d i f f e r e n c e  was a l s o  found i n  s p e c i f ic  g r a v i ty  
betw een  th e  e x t r a c te d  and u n e x tra c te d  sam ples (T able  10 ). T h is  
i l l u s t r a t e s  t h a t  e x t r a c t i v e s  ten d  to  mask th e  a c tu a l  s p e c i f i c  
g r a v i ty  o f th e  wood. Posey e t  a l .  (1970) ad v ised  to  use  o n ly  
th e  s p e c i f i c  g r a v i ty  o f  e x t r a c t i v e - f r e e  wood f o r  com parisons in  
seed  so u rc e  s tu d ie s  b e ca u se  o f  th e  s tro n g  env ironm ental 
in f lu e n c e  on v a r i a t i o n  i n  e x t r a c t i v e  c o n te n t .
The c o re  s e c t io n  x  e x t r a c t io n s  i n t e r a c t i o n  was s i g n i f i c a n t  
a t  th e  0 .0 5  l e v e l .  T h is  i n t e r a c t i o n  r e s u l te d  because th e  
d i f f e r e n c e  betw een  th e  means o f  th e  e x tr a c te d  and u n e x tra c te d
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s p e c i f i c  g r a v i t i e s  in  th e  b a rk  s e c t io n  was h ig h e r  th a n  th e  
d i f f e r e n c e  betw een  th e  means o f th e  same s p e c i f i c  g r a v i t i e s  in  
th e  p i t h  s e c t io n .
D is c u s s io n
R e s u l ts  o f  t h i s  i n v e s t i g a t i o n  have shown t h a t  v e ry  l i t t l e  
g eo g rap h ic  v a r i a t i o n  i n  grow th  and wood p r o p e r t i e s  e x is te d  among 
th e  f iv e  L o u is ia n a  seed  so u rc e s  o f l o b l o l l y  p in e  grown in  th r e e  
p l a n t a t i o n s .  O nly s p e c i f i c  g r a v i ty  and a s s o c ia te d  c h a r a c t e r i s t i c s  
( c e l l  w a ll th ic k n e s s ,  w id th  o f  an n u al r i n g ,  and lumen d ia m e te r )  
showed s i g n i f i c a n t  g e n e t ic  v a r i a t i o n .  C lo se  e x am in a tio n  o f th e  
d a ta  r e v e a le d  s tro n g  e n v iro n m e n ta l in f lu e n c e s  on th e  d i f f e r e n t  
t r a i t s  s tu d ie d .  These w ere e v id e n t in  th e  h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e s  among p l a n t a t i o n s .
A lthough  s t a t i s t i c a l  t e s t s  d id  n o t show s i g n i f i c a n t  
d i f f e r e n c e s  among seed  so u rc e s  i n  d ia m e te r  and h e i g h t ,  th e r e  
was an i n d i c a t i o n  t h a t  th e s e  grow th t r a i t s  w ere g e n e t i c a l l y  
c o n t r o l le d  to  a  c e r t a i n  e x te n t  a s  ev id en ced  by th e  c o n s i s t e n t ly  
h ig h e r  g row th  r a t e  o f  t h e  S t .  Tammany seed  so u rce  when p la n te d  
in  a l l  t h r e e  p la n t a t i o n s  (T ab le  2 ) .  T h e re  a r e  c o n f l i c t i n g  id e a s  
on th e  d e g re e  o f  g e n e t ic  c o n t r o l  o f  d ia m e te r  and h e ig h t  grow th 
becau se  th e s e  t r a i t s  a r e  v e ry  much a f f e c t e d  by th e  environm ent 
(Young and Kramer 1952). On th e  o th e r  h a n d , Van B u ij te n e n  (1963) 
re p o r te d  t h a t  h e ig h t  and  d ia m e te r  g row th  a r e  m o d e ra te ly  
g e n e t i c a l l y  c o n t r o l le d  i n  l o b l o l l y  p in e .
I
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The s i g n i f i c a n t  d i f f e r e n c e s  among seed s o u rc e s  in  w id th  o f 
a n n u a l r i n g ,  s p e c i f i c  g r a v i ty ,  and c e l l  d im en sio n s  a re  q u i te  
s u r p r i s in g  c o n s id e r in g  th e  f a c t  t h a t  seed s o u rc e s  w ere sampled 
from  a  v e ry  l im ite d  g e o g ra p h ic a l ra n g e  w ith  a lm o s t no d i f f e r e n c e s  
i n  l a t i t u d e .  T hese r e s u l t s  how ever, in d ic a te d  t h a t  th e s e  wood 
p r o p e r t i e s  a r e  g e n e t i c a l l y  c o n t r o l le d  to  a  much g r e a t e r  d eg ree  
th a n  h e ig h t  o r  d ia m e te r  grow th r a t e .  Many o th e r  i n v e s t i g a to r s  
have  shown t h a t ,  i n  l o b l o l l y  p in e  s p e c i f i c  g r a v i t y  i s  ve ry  
s t r o n g ly  g e n e t i c a l l y  c o n t r o l le d .  Z obel e t  a l .  (1972) found two 
l o b l o l l y  p in e  t r e e s  grow ing s id e  by  s id e  which d i f f e r e d  i n  wood 
s p e c i f i c  g r a v i ty .
V a r ia t io n  in  w id th  o f annual r i n g  ap p eared  to  fo llo w  a 
c o n tin u o u s  p a t t e r n  o f  g e o g ra p h ic a l  v a r i a t i o n ,  d e c re a s in g  from  
e a s t  to  w e st. Seed s o u rc e s  from  th e  e a s te r n  p a r t  o f  th e  S t a t e  
have  w id e r r in g  w id th  th a n  so u rc e s  i n  th e  w e s te rn  p a r t  o f  th e  
S t a t e .  In  a  p ro v en an ce  t e s t  o f  l o b l o l l y  p in e  i n  T en n essee , T hor 
and Brown (1962) a l s o  found s i g n i f i c a n t  d i f f e r e n c e s  in  w id th  o f 
an n u a l r in g  among s i x  seed  so u rc e s  b u t  no g e o g ra p h ic a l  p a t t e r n  
o f v a r i a t i o n  was o b se rv e d .
S p e c i f ic  g r a v i ty  and c e l l  d im en sio n s  fo llo w e d  th e  same 
g e n e ra l  g eo g rap h ic  p a t t e r n  o f v a r i a t i o n .  T h is  was e x p ec te d , 
b e c a u se  th e s e  t r a i t s  a r e  h ig h ly  c o r r e la t e d  ( c o r r e l a t i o n  among 
g row th  and wood p r o p e r t i e s  i s  d is c u s s e d  l a t e r  i n  t h i s  p a p e r ) .
The m ost w e s te r ly  seed  so u rce  (V ernon - S) had th e  h ig h e s t
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av erag e  s p e c i f i c  g r a v i ty  in  a l l  th r e e  p l a n t a t i o n s ,  W hile th e  
W ashington p a r i s h  seed  so u rc e  had th e  lo w e s t.
T h is  t r e n d ,  a lth o u g h  w eak, would f u r t h e r  su p p o rt ev id en ce  
t h a t ,  f o r  s p e c i f i c  g r a v i ty  and r e l a t e d  t r a i t s ,  g e o g rap h ic  
s t r a i n s  o f  l o b l o l l y  p in e  do e x i s t  in  L o u is ia n a . In  an e a r l i e r  
s tu d y , Crow (1961) had re p o r te d  t h a t  th e r e  a r e  g e n e t ic  
d i f f e r e n c e s  in  fu s ifo rm  r u s t  r e s i s t a n c e  among g e o g ra p h ic a l 
so u rc e s  from  L o u is ia n a . B ishop (1972) had a l s o  found s i g n i f i c a n t  
v a r i a t i o n  i n  c e r t a in  m o rp h o lo g ica l c h a r a c t e r i s t i c s  among f iv e  
L o u is ia n a  seed  so u rc e s  o f  l o b l o l l y  p in e  p la n te d  i n  s o u th e a s te rn  
L o u is ia n a . What may have c o n tr ib u te d  to  t h i s  v a r i a t i o n ,  
a c c o rd in g  t o  B ish o p , was th e  p o s s i b i l i t y  o f  s h o r t l e a f - l o b l o l l y  
p in e  i n t r o g r e s s io n .  I t  c o u ld  th e n  be p o s s ib le  th a t  th e  h ig h e r  
s p e c i f i c  g r a v i ty  o f  th e  w e s te rn  seed so u rc e  was a l s o  due to  t h i s  
i n t r o g r e s s io n .  ( I t  w i l l  be  n o te d  th a t  wood s p e c i f i c  g r a v i ty  o f  
s h o r t le a f ,  p in e  i s  h ig h e r  th an  l o b lo l ly  p in e ) .  In  w e s te rn  
L o u is ia n a , s h o r t l e a f  p in e  i s  much more ab u n d an t th an  in  
s o u th e a s te r n  L o u is ia n a . T h e re fo re ,  i t  i s  v e ry  l i k e l y  t h a t  more 
s h o r t l e a f - l o b l o l l y  i n t r o g r e s s io n  has o c c u rre d  in  w e s te rn  
L o u is ia n a  th a n  i n  s o u th e a s te r n  L o u is ia n a . T h is  phenomenon cou ld  
e x p la in  th e  g e o g ra p h ic  v a r i a t i o n  i n  wood p r o p e r t i e s  found among 
l o b lo l ly  p in e  seed  so u rc e s  in  t h i s  s tu d y .
A n a ly se s  o f  v a r ia n c e  re v e a le d  d i f f e r e n c e s  i n  g row th  and 
wood p r o p e r t i e s  among seed  so u rc e s  due t o  en v iro n m en ta l 
in f lu e n c e s  , i . e . ,  p la n t in g  s i t e .  These in f lu e n c e s  w ere more
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pronounced on t r a c h e id  le n g th ,  s p e c i f i c  g r a v i ty ,  c e l l  d im ensions 
and w ere l e s s  pronounced in  p e rc e n ta g e  la tew o o d , w id th  o f  an n u al 
r i n g ,  and grow th  r a t e .  As m entioned  e a r l i e r ,  due to  th e  u n iq u e  
lo c a t io n  o f  seed  so u rc e s  and p l a n t a t i o n s ,  v a r i a t i o n s  in  l a t i t u d e ,  
e l e v a t io n ,  p h o to p e r io d , te m p e ra tu re , and s o i l s  w ere m in im ized .
One m ajo r c l im a t ic  v a r ia b le  t h a t  was n o t u n ifo rm  among th e  th r e e  
p l a n t a t i o n  s i t e s  was s e a s o n a l d i s t r i b u t i o n  o f  r a i n f a l l .  T h e re fo re , 
th e s e  p r e c i p i t a t i o n  p a t t e r n s  a t  th e  t h r e e  s i t e s  w ere in v e s t ig a te d  
to  d e te rm in e  i f  s e a s o n a l m o is tu re  r e l a t i o n s  c o u ld  p o s s ib ly  h e lp  
t o  e x p la in  some o f  th e  d i f f e r e n c e s  found in  t h i s  s tu d y .
P r e c i p i t a t i o n  re c o rd s  f o r  th e  1 3 -y e a r p e r io d  s in c e  th e  
so u rc e  t e s t s  have  been  e s ta b l i s h e d  re v e a le d  f a i r l y  la rg e  
d i f f e r e n c e s  i n  s e a s o n a l r a i n f a l l  d i s t r i b u t i o n  among th e  th r e e  
p la n t in g  s i t e s  (T ab le s  12, 13, and 1 4 ). The amount o f  r a i n f a l l  
i n  th e  e a r l y  grow ing seaso n  (" S p r in g "  - M arch, A p r i l ,  May) was 
h ig h e s t  a t  th e  Id le w ild  p l a n t a t i o n  and lo w est a t  De R id d e r , and 
th e  p a t t e r n  i s  r e v e r s e d  f o r  l a t e  sea so n  p r e c i p i t a t i o n  C"Autumn"- 
O c to b e r , November, D ecem ber), i . e . . r a i n f a l l  d u r in g  t h i s  th r e e -  
m o n th -p e rio d  was h ig h e s t  a t  De R id d e r and lo w est a t  I d le w i ld .
A com parison  o f  "Summer" (J u n e , J u ly ,  A ugust) p r e c i p i t a t i o n  
in d ic a te d  a  r e l a t i v e l y  "d ry "  p e r io d  a t  t h e  De R id d e r p l a n t a t i o n  
d u r in g  th e s e  th r e e  months com pared w ith  th e  Id le w ild  and 
B o galusa  p l a n t a t i o n s .
To more c lo s e ly  exam ine th e  e f f e c t  o f  th e  v a r i a b le  r a i n f a l l  
d i s t r i b u t i o n  among p l a n ta t io n s  on th e  r e l a t i o n s h i p  o f  h e ig h t
0\r-
T ab le  12. M onthly p r e c ip i t a t i o n  ( in c h e s )  and av erag e  by y e a rs  in  th e  B ogalusa p la n ta t io n  
f o r  th e  p e r io d  1958 - 1971
Jan . Feb. Mar. Apr. May Ju n . J u l . Aug. Sep. O ct. Nov. Dec.
1958 5 .6 3 3 .87 7 .86 5 .2 6 5 .5 7 3 .68 9.19 6.91 12.58 1.15 2.89 2 .10
1959 5 .8 8 7 .76 2.22 4.25 12.97 7 .7 4 6 .82 4 .57 2.93 8 .27 3 .10 3 .76
1960 4.97 7 .28 3 .88 3 .29 4 .20 .44 6 .46 11.21 .85 2.91 1 .58 3.60
1961 8 .72 12.31 8 .87 2 .79 3 .15 9 .09 4 .4 2 2.91 6.95 1.59 14.66 13.18
1962 10.19 .40 3 .86 7 .67 2 .80 5 .7 2 1.09 2.30 4 .56 4 .40 1.03 4.27
1963 3 .67 4 .41 1.69 .97 1.35 7 .97 6 .44 4.56 3 .50 .22 4 .0 8 4 .23
1964 6 .4 4 5 .5 4 10.91 8 .23 3 .99 3.01 5 .16 3.65 1.97 6 .66 6 .2 4 6 .69
1965 4 .8 4 8.22 4 .28 .93 1.52 4 .7 3 6.07 13.80 4.85 1 .08 1 .17 4 .92
1966 9 .64 16.02 1.53 5 .15 6 .58 4 .21 2 .22 6.95 3 .47 .98 1.82 3 .21
1967 3.01 4 .77 1.63 7 .87 11.29 2.96 5 .1 6 3 .81 4 .68 1.45 .63 9.87
1968 3 .1 4 3 .19 2.46 3 .3 4 1.39 1.90 5 .81 3 .2 4 3 .40 .53 6 .79 9 .54
1969 .77 4 .53 6.51 9.33 7 .4 2 3 .20 5 .96 2 .64 .36 3 .13 2 .88 4 .16
1970 2.99 3 .05 4 .03 2.47 5 .97 4 .07 7 .82 9 .00 .69 10.57 2.21 6 .90
1971 3.01 5 .1 4 4 .2 4 1.19 2 .78 4 .6 4 8 .72 2 .77 10.41 .82 2 .96 11.88
Mean 5 .1 8 6 .36 4 .3 2 4.39 5 .01 4 .1 3 5 .91 5 .60 3 .7 4 3 .62 3 .85 6 .63
o
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T ab le  13. M onthly p r e c ip i t a t i o n  C inches) and av erag e  by y e a rs  in  th e  De R id d er p la n ta t io n  
f o r  th e  p e r io d  1958 - 1971
J a n . Feb. Mar. Apr. May Jun . J u l . Aug. Sep, O ct. Nov. Dec.
1958 7 .70 17.64 5 .2 9 2 .08
1959 3 .21 6 .52 2 .57 6 .23 2 .38 2 .39 6 .42 5 .3 2 2 .74 3 .80 2 .33 3 .7 2
I960 5 .87 5 .5 9 2 .18 2 .29 .71 4 .8 4 2 .78 3 .70 1.79 7 .1 8 2.85 10.10
1961 7 .6 2 8 .74 5 .4 9 1 .28 3 .39 11.19 2 .72 5 .5 4 .69 10.03 8.05 8 .38
1962 4.05 2 .49 2 .78 2 .93 2.99 6 .3 8 1.75 3 .23 3 .84 2 .92 5 .96 4 .97
1963 3 .45 3 .56 .84 .77 3 .78 5 .29 6 .33 3 .67 3 .07 .01 7 .40 4 .61
1964 4 .80 2 .40 5 .2 9 8.91 4 .39 1.16 4 .81 2 .82 3 .73 .15 6 .5 8 6 .3 2
1965 4 .77 3 .7 2 2 .72 .46 5 .2 7 1.72 3 .84 2 .58 4 .7 0 .74 4 .1 0 7 .61
1966 7 .53 7.55 .67 6 .39 4 .4 2 2.89 2 .19 9 .0 4 5 .5 4 6 .33 9 .48 4 .9 4
1967 1.82 4 .9 4 2 .26 9.49 5 .99 3 .17 5 .2 2 1.85 1.19 4 .49 .19 15.46
1968 6 .35 3 .4 6 4 .0 0 7 .83 4 .6 8 8.07 3 .20 4 .68 3 .35 2.22 5 .3 3 7 .50
1969 1.69 5 .7 2 4 .9 4 5.75 6.05 1.45 5 .47 2 .39 1.87 1 .72 2 .1 4 7.56
1970 1 .62 2.91 3 .76 3 .60 3 .00 1.29 3 .67 2.35 7 .36 10.82 2 .3 2 3 .09
1971 1.51 5 .5 2 4 .70 .67 4.15 3 .25 4 .88 5 .6 4 4 .0 3 2.27 4 .95 13.65
Mean 3 .8 4 4 .84 3 .25 4.35 3 .9 4 3 .8 4 4 .75 3.56 3 .75 3 .33 4 .90 7 .53
to
T ab le  14. M onthly p r e c ip i t a t i o n  ( in c h e s )  and a v e rag e  by y e a rs  in  th e  Id le w ild  p la n ta t io n
f o r  th e  p e r io d  1958 - 1971
J a n . Feb. Mar. Apr. May Ju n .
1958 4 .8 2 3 .89 6 .23 4 .3 2 3 .3 2 5 .80
1959 6 .40 8 .13 3 .3 6 5 .15 5 .73 4 .9 4
1960 5 .8 7 4 .0 4 2 .63 1.48 1 .92 1 .47
1961 7 .72 9 .79 15.07 2 .28 2 .78 2 .78
1962 10.01 1.93 2 .38 12.83 4 .76 5 .8 2
1963 6.90 3 .40 2 .83 .45 5 .25 5 .0 2
1964 6.85 4 .49 11.61 8 .93 2 .2 4 3 ,55
1965 1.84 5 .85 5 .3 4 .05 3 .0 8 3 .52
1966 9 .10 14.61 2 .52 6 .32 3.99 2 .82
1967 3 .68 4 .88 3 .38 9 .72 8.75 2 .44
1968 3 .01 3 .50 3 .25 3 .0 9 7 .63 2.35
1969 1.40 5 .90 6 .16 7 .42 7 .3 2 .69
1970 2 .78 2 .29 5 .1 9 3 .15 3 .3 8 4 .95
1971 3 .39 4 .40 5 .01 1.39 8 .97 4 .61
Mean 5 .30 5 .63 5 .2 9 4 .79 5 .1 0 3 .50
J u l . Aug. Sep. O ct. Nov. Dec.
4 .19 6 .80 6 .48 1.51 1.87 1.59
8 .18 4 .8 4 3 .39 4 .22 6 .99 6 .64
2 .6 8 14.00 .37 6 .3 4 1.41 5 .7 2
7.19 3 .0 8 10.40 .57 8 .42 9.37
2 .71 3 .47 1.59 1.55 1.06 3 .31
3 .81 5 .8 8 2.15 .02 4 .02 4 .43
9.45 3 .0 4 2.52 10.80 6 .12 4 .5 4
4 .42 4 .15 5 .7 7 1.56 4 .1 4 6 .27
5 .99 4 .72 3.19 2 .84 2 .44 1.78
5 .8 8 6 .5 4 1.93 1 .80 .31 6.96
5 .0 7 2 .99 3 .10 2 .33 4 .38 8.69
8.69 2 .23 2 .98 5 .41 .68 6.29
7 .27 4 .87 5 .31 8 .28 2.06 5 .99
6 .83 4 .3 2 10.17 .96 3 .77 13.34
6.01 4 .9 4 4 .07 3 .59 3 .52 6.40
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and d ia m e te r  grow th and wood p r o p e r t i e s  found in  th iB  s tu d y , 
and to  d e te rm in e  th e  grow th  re sp o n se s  and s e n s i t i v i t y  o f  th e  
in d iv id u a l  seed so u rc e s  t o  th e s e  p a t t e r n s ,  r e g r e s s io n  and 
c o r r e l a t i o n  a n a ly s e s  w ere co n d u cted .
U sing lo n g -te rm  p r e c i p i t a t i o n  re c o rd s  from  "C lim ato g rap h y  
o f th e  U n ited  S ta te s  No. 86-14  (L o u is ia n a )1' i t  was p o s s ib le  to  
d e te rm in e  th e  "no rm al"  p r e c i p i t a t i o n  l e v e l s  f o r  each seed  source  
d u rin g  each  o f th e  th re e -m o n th  p e r io d s  p re v io u s ly  d e s ig n a te d  as 
s p r in g ,  summer, and autum n. T hese  d a ta  w ere th e n  used to  a r r i v e  
a t  a  v a lu e  o f  th e  p e rc e n t  "norm al" p r e c i p i t a t i o n  d u rin g  th e  
p e r io d s  f o r  each  seed  so u rc e  grow ing a t  each  o f  th e  t h r e e  
p la n t a t i o n s  d u r in g  th e  1 3 -y ea r p e r io d  of th e  s tu d y  (T a b le  1 5 ). 
T hese v a lu e s  w ere o b ta in e d  by d iv id in g  th e  1 3 -y ea r mean 
p r e c i p i t a t i o n  a t  each  p la n t in g  s i t e  by  th e  "norm al" p r e c i p i t a t i o n  
v a lu e s  f o r  each  seed  s o u rc e .
1 3 -y ea r x p r e c i p i t a t i o n
P e rc e n t  "norm al" p r e c i p i t a t i o n  = a t  p la n t in g  s i t e _______ ^
x f o r  seed o r ig in
P e rc e n t "norm al" p r e c i p i t a t i o n  f o r  th e  seed  so u rce  was u sed  as 
th e  in d e p en d e n t v a r i a b le  i n  su b seq u en t r e g r e s s io n  a n a ly s e s .
Growth and wood p ro p e r ty  d a ta  w ere c o n v e rted  to  a  p e rc e n ta g e  
o f  th e  a v e rag e  p erfo rm an ce  a t  a l l  t h r e e  p la n t in g  s i t e s  f o r  each 
in d iv id u a l  seed  so u rc e  a t  each p l a n t a t i o n  by d iv id in g  th e  seed 
so u rc e  mean a t  each  p la n t in g  s i t e  by  th e  o v e r a l l  mean f o r  each 
seed  so u rc e  m u l t ip l ie d  by  100.
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T a b le  15. P e r c e n t  "norm al" p r e c i p i t a t i o n  o f  seed so u rc e s  a t  
th e  t h r e e  p l a n t a t i o n  lo c a t io n s  f o r  th e  p e r io d  
1958 - 1971
M arch, A p r i l ,  and  May ( s p r i n g ) :
Seed so u rc e s  P la n ta t io n s
B ogalusa  De R id d e r  Id le w ild  
E a s t F e l i c i a n a  92 77 102
S t .  Tammany 83 67 91
Vernon (N) 90 76 99
Vernon (S ) 90 76 99
W ashington 82 69 91
J u n e , J u ly ,  and  August (sum m er):
Seed so u rc e s  P la n ta t io n s
B ogalusa  De R id d e r  Id le w ild
E a s t F e l i c i a n a 92 71 85
S t .  Tammany 85 66 78
Vernon (N) 114 89 106
Vernon (S) 114 89 106
W ashington 87 67 80
O c to b e r, November, December (au tu m n ):
Seed so u rc e s  P la n ta t io n s
B ogalusa  De R id d e r Id le w ild
E a s t F e l ic ia n a  119 132 114
S t .  Tammany 113 125 108
Vernon (N) 101 112 97
Vernon (S) 101 112 97
W ashington 109 108 104
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x o f seed  so u rce  at: p la n t in g  s i t e  
P e rc e n t  mean p erfo rm ance  = ---------------------------------------------------------  X 100
x o f seed  so u rc e  on a l l  s l te B  
T hese c o n v e rted  d a ta  p ro v id e  a  more o b je c t iv e  and u n ifo rm  v a lu e  
f o r  a n a ly s i s  o f seed so u rc e  grow th  re sp o n se s  to  d e v ia t io n s  from  
th e  "norm al" m o is tu re  l e v e l s  th a n  would th e  a c tu a l  v a lu e s  f o r  
g row th  and wood p r o p e r t i e s .  T hese d a ta  a r e  ex p re ssed  a s  
p e rc e n ta g e s  o f  th e  seed  so u rc e  means i n  T a b le  16 and 17 and th e y  
w ere used  a s  th e  d ep en d en t v a r i a b le  i n  th e  r e g r e s s io n  a n a ly s e s .
E xam ination  o f th e  d a ta  f o r  h e ig h t  and d ia m e te r  grow th  f o r  
a l l  f i v e  seed  so u rc e s  a t  th e  th r e e  p la n t in g  s i t e s  r e v e a le d  an 
in v e r s e  o r  n e g a tiv e  r e l a t i o n s h i p  betw een  h e ig h t  and d ia m e te r  
grow th  (T ab le  1 ) . Seed so u rc e s  grown a t  th e  De R id d e r p la n ta t io n  
av e rag e d  h ig h e s t  i n  h e ig h t  grow th  and lo w est in  d ia m e te r  g ro w th , 
w h ile  th e  same so u rc e s  grown a t  Id le w ild  had th e  l a r g e s t  d ia m e te r  
and th e  s m a l le s t  a v e ra g e  h e ig h t .  T re e s  in  th e  B ogalusa  seed  
so u rc e  t e s t  w ere in te r m e d ia te  i n  b o th  c h a r a c t e r i s t i c s .
A v a i l a b i l i t y  o f  m o is tu re  g r e a t l y  a f f e c t s  shoo t and cam bial 
g row th  o f  t r e e s .  As i n t e r n a l  w a te r  d e f i c i t s  d ev e lo p  in  t r e e s ,  
cam b ia l and sh oo t g row th  slow s o r  c e a se s  and a c c e le r a te s  o r  
resum es w ith  in c re a s e d  w a te r  a v a i l a b i l i t y .  Kozlowski (1972) 
rev iew ed  th e  l i t e r a t u r e  p e r ta in in g  to  th e  e f f e c t s  o f  s e a s o n a l 
s o i l  m o is tu re  p a t t e r n s  on h e ig h t  and d ia m e te r  grow th o f f o r e s t  
t r e e s .  F in d in g s  o f s e v e r a l  s tu d ie s  on d i f f e r e n t  s p e c ie s  have 
shown t h a t ,  i n  a r e a s  w ith  ab u n d an t s p r in g  s o i l  m o is tu re ,
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T a b le  16. Growth d a ta  e x p re ssed  a s  p e rc e n ta g e  o f th e  seed  
so u rc e  means
D iam ete r:
P la n ta t io n
Seed so u rc e s B ogalusa De R id d er X dlew iId
E a s t F e l ic ia n a 101 97 102
S t . Tammany 98 96 106
V ernon (N) 100 98 102
V ernon (S) 100 97 103
W ashington 99 96 105
H e ig h t :
E a s t F e l ic ia n a 102 99 .5 98 .5
S t .  Tammany 101.5 101.5 97
V ernon (N) 97 110.5 92 .5
V ernon (S) 97 106 97
W ashington 97 .5 106 96.5
T a b le  17. Wood p ro p e r ty  a t t r i b u t e s  e x p re ssed  a s  p e rc e n ta g e  
o f  seed  so u rc e  means
W idth o f a n n u a l r i n g :
P la n ta t io n
Seed so u rc e s B ogalusa De R id d e r Id le w ild
E a s t F e l i c i a n a 103 94 103
S t . Tamnany 95 95 110
Vernon (N) 98 98 104
V ernon (S) 100 100 100
W ashington 98 .5 98 .5 103
Latewood:
E a s t F e l i c i a n a 95 .6 108.8 95 .6
S t ,  Tammany 91 104.5 104.5
Vernon (N) 80 112 108
V ernon (S) 92 109 99
W ashington 98 101 101
S p e c i f ic  g r a v i ty :
E a s t F e l ic ia n a 100 102 98
S t .  Tammany 98 103 99
V ernon (N) 96 107 97
Vernon (S) 99 105 96
W ashington 94 103 103
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Table 17. (Continued)
T ra c h e id  le n g th :
P la n ta t io n
Seed so u rc e s B ogalusa De R id d e r Id le w ild
E a s t F e l i c i a n a 95 105 100
S t .  Tammany 99 100 101
Vernon (N) 96 100 104
Vernon (S ) 98 102 100
W ashington 97 104 99
C e ll  w a ll th ic k n e s s :
E a s t F e l ic ia n a 94 103 103
S t .  Tammany 101 101 98
V ernon (N) 97 105 98
V ernon (S) 95 107 98
W ashington 97 104 99
W idth o f  c e l l  lum en:
E a s t F e l i c i a n a 117 90 93
S t . Tammany 113 91 96
Vernon (N) 115 88 97
Vernon (S ) 114 89 97
W ashington 113 91 96
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s e a s o n a l h e ig h t  g row th  o f many s p e c ie s  I s  c o n tr o l le d  by 
p r e c i p i t a t i o n  d u r in g  th e  p re c e d in g  seaso n  (M otley  1949, H u s tic h  
1948, T ryon 1957). In  c o n t r a s t  to  h e ig h t  g ro w th , d ia m e te r  grow th  
depends m ain ly  on th e  p ro d u c ts  o f  c u r r e n t  p h o to s y n th e s is  and i s  
th e r e f o r e  much more s e n s i t iv e  to  en v iro n m e n ta l f a c t o r s ,
p a r t i c u l a r l y  m o is tu re  s t r e s s ,  d u r in g  th e  c u r r e n t  growing sea so n .
2
A s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  ( r  = 0 .6 6 ) betw een 
d ia m e te r  grow th  re sp o n se  o f  seed  so u rces  and "norm al" o r above 
"norm al" l e v e l s  o f  p r e c i p i t a t i o n  d u rin g  th e  s p r in g  p e r io d  
(M arch, A p r i l ,  May) was found (F ig u re  4 ) .  N o n -s ig n if ic a n t  
r e l a t i o n s h i p s  w ere found when grow th  d a ta  w ere p lo t t e d  o v e r 
summer ( p o s i t i v e  c o r r e l a t i o n ,  F ig u re  5) and autumn (n e g a t iv e  
c o r r e l a t i o n ,  F ig u re  6) p r e c i p i t a t i o n .  Young and Kramer (1952) 
found t h a t ,  i n  l o b l o l l y  p in e ,  d ia m e te r  and h e ig h t  grow th b e g in  
a t  a b o u t th e  same t im e , and th e  r e s u l t s  o f  th e  p re s e n t  s tu d y  
su g g e s t t h a t  a d e q u a te  m o is tu re  d u r in g  th e  p e r io d  March th ro u g h  
May i s  more c r i t i c a l  f o r  d ia m e te r  grow th th a n  a r e  m o is tu re  l e v e l s  
l a t e r  i n  th e  grow ing sea so n . As seen  in  T a b le  15, ov er th e  1 3 -y e a r-  
p e r io d  o f t h i s  s tu d y , th e  m ost o p tim a l p r e c i p i t a t i o n  l e v e l s  f o r  
a l l  seed  so u rc e s  e a r ly  i n  th e  grow ing se a so n  o c cu rred  a t  th e  
Id le w ild  p l a n t a t i o n ,  and each  o f  th e  f i v e  so u rc e s  a t t a in e d  t h e i r  
g r e a t e s t  d ia m e te rs  on t h i s  s i t e  (T ab le  1 6 ) . C o n v e rse ly , t r e e s  
grown a t  th e  De R id d e r  p l a n t a t i o n  w ere exposed  to  r a th e r  s e v e re  
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P e rc e n t "norm al" p r e c i p i t a t i o n  (March - May) o f seed so u rces
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P e rc e n t "norm al" p r e c i p i t a t i o n  (June  - A ugust) o f seed so u rces
F ig u re  5 . R e la t io n s h ip  betw een d ia m e te r grow th and summer p r e c ip i t a t i o n
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P e rc e n t "norm al" p r e c ip i t a t i o n  (O ctober - December) o f seed so u rces





th e  seed so u rc e s  a v e rag ed  o n ly  90 to  95 p e rc e n t  o f  t h e i r  d ia m e te r  
grow th  a t  I d le w i ld .  D if f e re n c e s  i n  p r e c i p i t a t i o n  d u r in g  J u n e , 
J u l y ,  and A ugust w ere n o t as  pronounced among th e  p la n t a t i o n s  
a s  th e y  w ere e a r ly  i n  th e  grow ing seaso n  a n d , d u r in g  t h i s  p e r io d ,  
th e  B o g alu sa  p l a n t a t i o n  re c ie v e d  th e  g r e a t e s t  amount o f  
p r e c i p i t a t i o n  (F ig u re  5 and T a b le  1 5 ). A p p a re n tly , d e s p i t e  
heavy  autum n r a i n f a l l  a t  th e  De R id d e r  p l a n t a t i o n ,  a v a i l a b l e  
m o is tu re  d u r in g  t h i s  p e r io d  had l i t t l e  o r  no e f f e c t  on an n u a l 
d ia m e te r  g row th  r a t e  (F ig u re  6 ) .
C o r r e la t io n s  o f h e ig h t  g row th  re sp o n se s  o f  seed  s o u rc e s  w ith
p r e c i p i t a t i o n  l e v e l s  re v e a le d  a  p o s i t i v e  r e l a t i o n s h i p  o n ly  w ith
autumn (O c to b e r , November, and December) d a ta  (F ig u re  9 ) .  W hile
2
t h i s  r e l a t i o n s h i p  was n o t s i g n i f i c a n t  ( r  = 0 .1 8 ) i t  r e p r e s e n ts  
some in d i c a t io n  o f f a v o ra b le  re sp o n se  to  l a t e  sea so n  r a i n f a l l  
and s o i l  m o is tu re  r e c h a rg e . H e ig h t grow th was n e g a t iv e ly  
c o r r e l a t e d  w ith  s p r in g  and summer p r e c i p i t a t i o n  l e v e l s  (F ig u re s  
7 and 8 ) ,  s u g g e s tin g  t h a t  m o is tu re  s t r e s s  d u r in g  summer h a s  
much l e s s  e f f e c t  on h e ig h t  grow th  th a n  on d ia m e te r . A ll  f iv e  
so u rc e s  a t t a in e d  t h e i r  g r e a t e s t  mean h e ig h t  a t  th e  De R id d e r 
p l a n t a t i o n  d e s p i t e  th e  c o m p a ra tiv e ly  s e v e re  s p r in g  and summer 
m o is tu re  d e f i c i t s  a t  t h i s  s i t e .
A p o s s ib le  cau se  o f  th e  b e t t e r  h e ig h t  grow th o f seed  so u rc e s  
i n  th e  De R id d e r  p l a n t a t i o n  was th e  l a t e  r a i n f a l l  w hich fa v o re d  
fo rm a tio n  o f  la r g e  te rm in a l  buds i n  autumn and e lo n g a t io n  o f 


































P e rc e n t "norm al" p r e c i p i t a t i o n  (March - May) o f seed so u rces
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P e rc e n t "n o rm al"  p r e c i p i t a t i o n  (Ju n e  - A ugust) o f 
seed  so u rc e s
F ig u re  8 . R e la t io n s h ip  betw een  h e ig h t  g row th  and summer 
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P e rc e n t "norm al" p r e c ip i t a t i o n  (O ctober - December) o f seed  so u rce





th e  s p r in g .  A lso , in c re a s e d  m o is tu re  would fa v o r  a  lo n g e r p e r io d  
o f  g row th  which c o u ld  be ex ten d ed  u n t i l  low te m p e ra tu re  become 
l im i t i n g .  L o b lo lly  p in e  i s  a  r e c u r r e n t ly  f lu s h in g  s p e c ie s  w hich 
makes a b o u t f iv e  t o  e ig h t  f lu s h e s  f o r  f iv e  months o r  more o u t o f  
th e  y e a r ,  u s u a l ly  s t a r t i n g  i n  March and end ing  in  Septem ber b u t 
som etim es e x te n d in g  to  l a t e  O c to b e r (Kramer 1943, Boyer 1970).
T hese  shoo t f lu s h e s  and th e  u l t im a te  le n g th  o f  th e  in te rn o d e  
a r e  c o r r e la t e d  w ith  th e  s iz e  o f  th e  bud and th e  number o f  sh o o t 
p r im o rd ia  t h a t  w ere p re s e n t  in  th e  bud. A dequate  m o is tu re  
in d u c e s  fo rm a tio n  o f la rg e  b u d s , su b se q u e n tly  la rg e  sh o o ts  w ith  
many n e e d le  f a s c i c l e s  a re  p ro d u ced . B engtson e t  a l .  (1967) 
r e p o r te d  a  c lo s e  c o r r e l a t i o n  betw een  te rm in a l  bud le n g th  o f 
s l a s h  p in e  and su b seq u en t h e ig h t  grow th  b o th  in  th e  s p r in g  
( r  = 0 .9 7 )  and f o r  th e  whole y e a r  ( r  = 0 .9 1 ) .  Hanover (1963) 
r e p o r te d  a  c lo s e  c o r r e l a t i o n  betw een te rm in a l  bud le n g th  and 
su b se q u e n t t o t a l  s e a so n a l e lo n g a t io n  o f  p o n d ero sa  p in e . In  
l o b l o l l y  p in e ,  Boyer (1970) found  s i g n i f i c a n t  c o r r e l a t i o n s  
among le n g th s  o f  i n i t i a l  b u d s , su cceed in g  s h o o ts ,  and f i n a l  
buds f o r  te rm in a l  sh o o ts  o f  s e e d l in g s  and s a p l in g s .  He r e p o r te d  
f u r t h e r  t h a t  on l a t e r a l  sh o o ts  o f  s e e d l in g s ,  th e  f i r s t  f l u s h  
p ro v id e d  61 p e rc e n t  o f  a l l  new g row th . Most o f  th e  new grow th  
on s e e d l in g  te rm in a l  came from  th e  second and t h i r d  grow th 
f l u s h e s .
S in c e  la rg e  buds have a l r e a d y  been p roduced  b e fo re  th e
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f i r s t  f lu s h  o f g ro w th , th e  m o is tu re  s t r e s s  t h a t  o c c u rre d  d u rin g  
s p r in g  and summer a t  De R id d e r would n o t h av e  much marked e f f e c t  
on th e  f i r s t  f l u s h  and su b seq u en t f lu s h e s  o f  g row th . I t  i s  o n ly  
when d ro u g h t c o n tin u e s  th ro u g h o u t th e  p e r io d  o f g row th  t h a t  th e  
e x p an s io n  of p r im o rd ia  in  th e  buds and su b seq u en t in te rn o d e  
e lo n g a t io n  may b e  i n h ib i t e d  (K ozlow ski 19"?1 ) .  In  th e  De R id d er 
p l a n t a t i o n ,  how ever, in c re a s e d  p r e c i p i t a t i o n  was n o ted  in  J u ly  
(T a b le  13) w hich co u ld  have  i n i t i a t e d  lo n g  sh o o t f lu s h e s .  And 
b e c a u se  o f th e  u n u s u a lly  h ig h  p r e c i p i t a t i o n  i n  November 
fo llo w in g  th e  r e l a t i v e l y  d ry  m onths of Sep tem ber and O ctober 
t h i s  m ight have  r e s u l t e d  i n  a n o th e r  s p u r t  o f  g row th .
I t  can th e n  be h y p o th e s iz e d  t h a t  th e  s e a s o n a l r a i n f a l l  
p a t t e r n  a t  th e  De R id d e r p l a n t a t i o n ,  w h ile  u n fa v o ra b le  f o r  
d ia m e te r  grow th  b ecau se  o f  m o is tu re  s t r e s s  e a r l i e r  i n  th e  sea so n , 
was conducive  to  h e ig h t  g row th  b ecau se  o f  r e l a t i v e l y  abundan t 
w a te r  in  th e  l a t e  f a l l  (O c to b e r , November, D ecem ber). T h is  may 
h av e  caused  more p ro lo n g ed  grow th  f lu s h e s  and m ost c e r t a i n l y  
would in f lu e n c e  th e  fo rm a tio n  o f  l a r g e r  te r m in a l  buds in  th e  
w in te r ,  which would p ro d u ce  a  v ig o ro u s  g row th  f l u s h  th e  fo llo w in g  
s p r in g .
The h y p o th e s is  p r e s e n te d  above a r e  b ased  o n ly  upon 
c o r r e l a t i o n s  o f  h e ig h t  and d ia m e te r  g row th  w ith  p r e c i p i t a t i o n  
p a t t e r n s  and e x p e r im e n ta l d a ta  from  t h i s  s tu d y  a r e  n o t a v a i l a b le
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to  su p p o rt them . However, th e r e  a p p e a rs  to  be ample su p p o r t In  
th e  l i t e r a t u r e  f o r  th e s e  th e o r i e s  w hich p ro v id e  a  lo g ic a l  
e x p la n a tio n  f o r  th e  d ra m a tic  d i f f e r e n c e s  in  h e ig h t  and d ia m e te r  
grow th a t  th e  d i f f e r e n t  p la n t in g  s i t e s .  The r e l a t i o n s h i p  w ith  
se a so n a l p r e c i p i t a t i o n  a l s o  i l l u s t r a t e s  th e  s e n s i t i v i t y  o f  
g row th , e s p e c i a l l y  cam b ia l g ro w th , to  m o is tu re  s t r e s s .
A n a ly se s  o f  v a r ia n c e  f o r  th e  d i f f e r e n t  wood p r o p e r t i e s  
have shown s tro n g  en v iro n m e n ta l v a r i a t i o n  in  s p e c i f i c  g r a v i t y ,  
t r a c h e id  le n g th ,  and c e l l  d im e n s io n s , and r e l a t i v e l y  sm a ll 
e n v iro n m e n ta l in f lu e n c e  in  p e rc e n ta g e  latew ood and w id th  o f 
an n u al r i n g .  E xam ination  o f th e s e  t r a i t s  r e v e a le d  t h a t  a l l  f i v e  
seed so u rc e s  have h ig h  v a lu e s  f o r  s p e c i f i c  g r a v i ty ,  t r a c h e id  
le n g th , c e l l  w a ll th ic k n e s s ,  and p e rc e n ta g e  la tew o o d , and low 
v a lu e s  f o r  w id th  o f  a n n u a l r in g  and w id th  o f c e l l  lumen in  th e  
De R id d e r p l a n t a t i o n .  The o p p o s i te  was found in  th e  B ogalusa  
and Id le w ild  p la n t a t i o n s  (T ab le  1 7 ).
When s p e c i f i c  g r a v i t y ,  p e rc e n ta g e  la tew o o d , and c e l l  w a ll 
th ic k n e s s  w ere in d iv id u a l ly  c o r r e la t e d  w ith  p r e c i p i t a t i o n  
d u rin g  th e  d i f f e r e n t  s e a s o n s , a l l  fo llo w e d  th e  same t r e n d ,  i . e . ,  
th e s e  t r a i t s  showed p o s i t i v e  c o r r e l a t i o n s  w ith  autumn 
p r e c i p i t a t i o n  and n e g a t iv e  c o r r e l a t i o n s  w ith  s p r in g  and summer 
p r e c i p i t a t i o n  (F ig u re s  10 - 1 8 ). T h is  u n ifo rm  tre n d  a g a in  
co n firm s th e  r e s u l t s  o f  p re v io u s  s tu d ie s  w hich have shown th a t  
th e s e  t r a i t s  a r e  v e ry  s t r o n g ly  c o r r e l a t e d ,  and w h a tev er 
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P e rc e n t "norm al" p r e c i p i t a t i o n  (Ju n e  - A ugust) o f 
seed  so u rc e s
Figure 11, Relationship between specific gravity and summer
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P e rc e n t "norm al" p r e c ip i t a t i o n  (O ctober - December) o f  seed so u rces




































Figure 13. Relationship between percent latewood and spring precipitation of
seed source means.
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P e rc e n t  "norm al" p r e c i p i t a t i o n  (June  - A ugust) of 
seed  so u rces
F ig u re  14. R e la t io n s h ip  betw een  p e rc e n t la tew ood and 
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P e rc e n t "norm al" p r e c ip i t a t i o n  (O ctober - December) o f seed so u rces
Figure 15. Relationship between percent latewood and autumn precipitation of
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P e rc e n t "norm al" p r e c ip i t a t i o n  (Jfarch - May ) o f  seed so u rces
Figure 16. Relationship between cell wall thickness and spring precipitation
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F ig u re  17. R e la t io n s h ip  betw een  c e l l  w a ll th ic k n e s s  
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P e rc e n t "norm al" p r e c ip i t a t i o n  (O ctober - December) o f  seed so u rces
Figure 18. Relationship between cell wall thickness and autumn precipitation




One o f  th e  e n v iro n m en ta l f a c to r s  t h a t  most a f f e c t s  s p e c i f i c  
g r a v i ty  (h en ce , p e rc e n ta g e  latew ood and c e l l  w a ll  th ic k n e s s )  
i s  s o i l  m o is tu re . R e p o r ts  on th e  r e l a t i o n s h i p  betw een m o is tu re  
and s p e c i f i c  g r a v i ty  a r e  r a t h e r  c o n fu s in g  and som etim es 
c o n t r a d ic to r y ,  how ever. In  e x p la in in g  some o f th e  e n v iro n m en ta l 
v a r i a t i o n s  en co u n te red  in  M is s is s ip p i ,  W heeler and M itc h e ll  
(1959) concluded  t h a t  r a i n f a l l  h a s  an e f f e c t  on s p e c i f i c  g r a v i ty ,  
and t h a t  t h i s  e f f e c t  i s  more pronounced in  l o b l o l l y  p in e .
Zahner (1955) s t a t e d  t h a t  p l e n t i f u l  s o i l  m o is tu re  and dense  wood 
seem to  be r e l a t e d .  However in  a  l a t e r  s tu d y , Z ahner (1 9 6 2 ), 
found a  h ig h e r  p e rc e n ta g e  o f latew ood i n  grow th r in g s  o f 
l o b l o l l y  p in e  t r e e s  grown under d ry  c o n d i t io n s .  O th e rs  (Wellwood 
I9 6 0 , Klem 1957, L arson  1957, Jay n e  1958) in d ic a te d  t h a t  
c o n ife ro u s  t r e e s  grow ing on good s i t e s  g e n e r a l ly  te n d  to  p roduce  
low er d e n s i ty  wood th a n  th o s e  grow ing on poor s i t e s .  W h ite s e l l  
e t  a J . (1966) n o ted  t h a t  l o b lo l ly  p in e  t r e e s  grown in  M aryland 
and D elaw are on p o o r ly  d ra in e d  s o i l s  have s l i g h t l y  h ig h e r  
s p e c i f i c  g r a v i t i e s  th a n  t r e e s  grow ing on b e t t e r  d ra in e d  s i t e s .
In  th e  p re s e n t  s tu d y , s p e c i f i c  g r a v i ty  was c o r r e la te d  w ith  
s e a s o n a l r a i n f a l l  p a t t e r n s  a t  th e  p la n t in g  s i t e s .  The p o s i t i v e  
c o r r e l a t i o n s  o f  autumn p r e c i p i t a t i o n  w ith  s p e c i f i c  g r a v i ty  
( r  = 0 .4 2 ) ,  p e rc e n ta g e  latew ood ( r  = 0 ,31  ) ,  and c e l l  w a ll 
th ic k n e s s  ( r  = 0 .3 5 )  and th e  n e g a tiv e  c o r r e l a t i o n s  w ith  
s p r in g  and summer p r e c i p i t a t i o n  su g g e s t th a t  O c to b er to  December 
was th e  p e rio d  o f  e f f e c t i v e  r a i n f a l l  w ith  r e s p e c t  to  latew ood
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fo rm a tio n  and March to  May th e  p e r io d  o f  e f f e c t i v e  r a i n f a l l  
w ith  r e s p e c t  to  earlyw ood  fo rm a tio n  i n  t r e e s  in  a l l  th r e e  
p l a n t a t i o n s .  T h is  phenomenon, how ever, was more pronounced  in  
th e  De R id d e r p la n t a t i o n  th a n  in  th e  o th e r  two p l a n t a t i o n  s i t e s .  
S p r in g  and summer p r e c i p i t a t i o n  a t  De R id d e r was v e ry  much 
low er th a n  a t  e i t h e r  B o g a lu sa  o r  I d le w ild  b u t autum n p r e c i p i t a t i o n  
a t  De R id d e r  was h ig h e r  w hich would i n  e f f e c t  in d u c e  a  longer 
d u r a t io n  o f  p ro d u c tio n  o£ latew ood w ith  th ic k -w a l le d  c e l l s  
and h e n c e , h ig h  s p e c i f i c  g r a v i ty .  The e a r l y  m o is tu re  s t r e s s  
a t  th e  De R id d e r p l a n t a t i o n  prom pted e a r ly  fo rm a tio n  o f  latew ood 
w hich p o s s ib ly  c o n tin u e d  u n t i l  l a t e  November. R a i n f a l l  
d i s t r i b u t i o n  d u rin g  th e  summer m onths was a lm o s t th e  same a t  th e  
th r e e  s i t e s  w hich c o u ld  f u r t h e r  enhance  latew ood p ro d u c tio n  a t  
De R id d e r . In  l o b lo l ly  p in e ,  once th e  fo rm a tio n  o f  la tew ood  has 
begun , i t  can n o t be r e v e r s e d  to  th e  fo rm a tio n  o f  earlyw ood by 
la te -su m m er r a in s  (L a rso n  1957). Sm ith  and t f i l s i e  (1961) found 
t h a t  la rg e  am ounts o f la tew ood  w ere form ed in  P in u s  ta e d a  d u rin g  
y e a r s  o f  low m o is tu re  s t r e s s ,  f u r t h e r  em phasiz ing  th e  in f lu e n c e  
o f  am ple w a te r  su p p ly  i n  p ro lo n g in g  la tew ood  g ro w th . The p o s i t i v e  
c o r r e l a t i o n  o f  p e rc e n t  la tew ood  w ith  autum n m o is tu re  sup p ly  
co n firm ed  t h a t  r e p o r te d  by  F o i l  (1 9 6 1 ) , Young (1 9 5 2 ) , and Van 
B u ijte n e n  (1 9 5 8 ).
I t  h a s  been  s u g g e s te d  t h a t  c e l l  w a ll  th ic k e n in g ,  w hich i s  
a  f e a t u r e  o f  latew ood fo rm a tio n , depends la r g e ly  on th e  amount o f  
p h o to s y n th a te  a v a i l a b l e ,  w hich in  t u r n  depends d i r e c t l y  on
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m o is tu re  a v a i a l a b i l i t y  and o th e r  e n v iro n m en ta l f a c t o r s  (L arson  
1960, 1969, R ich ard so n  1964). D uring p e r io d s  o f r a p id  sh o o t 
grow th and le a f  d ev elopm en t, most o f th e  p h o to s y n th a te  i s  
m o b iliz ed  and used in  th e s e  r a p id ly  grow ing c e n te r s  and o n ly  a 
sm all amount i s  t r a n s p o r te d  b a s i p e t a l l y .  T hus, t h in  w a lled  
c e l l s  a r e  p ro d u ced . However, upon c e s s a t io n  o f te rm in a l  g row th , 
w hich i s  cau sed  by a b ru p t  change in  m o is tu re  su p p ly , low 
te m p e ra tu re  o r  s h o r t  p h o to p e r io d , th e  c u r r e n t  p h o to s y n th a te  i s  
shun ted  o r  r e s h u t t l e d  i n to  th e  b o le  and in c o rp o ra te d  in to  c e l l  
w a lls  r e s u l t i n g  i n  p ro d u c tio n  o f th ic k -w a lle d  c e l l s  (K ozlow ski 
1971).
V a r ia t io n  i n  w id th  o f  c e l l  lumen was r e l a t e d  more to  
earlyw ood fo rm a tio n  w hich accom panies r a p id  shoo t g row th  and 
n e e d le  fo rm a tio n . C o r r e la t io n  o f w id th  o f  c e l l  lumen w ith  
s e a so n a l p r e c i p i t a t i o n  re v e a le d  p o s i t i v e  c o r r e l a t i o n s  w ith  
s p r in g  ( r  = 0 .3 2 ) ,  F ig u re  19) and summer ( r  = 0 .5 4 ,  F ig u re  
20) and a  n e g a t iv e  c o r r e l a t i o n  w ith  autumn p r e c i p i t a t i o n  
(F ig u re  2 1 ) . T hese c o r r e l a t i o n s  su g g e s t t h a t  s p r in g  and summer 
p r e c i p i t a t i o n  w ere m ost c r i t i c a l  in  earlyw ood fo rm a tio n , w h ile  
autumn p r e c i p i t a t i o n  was n o t .  I t  can be n o ted  t h a t  a l l  so u rces  
p la n te d  i n  B ogalusa  and Id le w ild  have w ider-lum ened  c e l l s  th an  
th o se  p la n te d  in  De R id d e r . The low w a te r  s t r e s s  d u r in g  th e  
a c t i v e  grow ing p e r io d  i n  th e s e  a r e a s  o b v io u s ly  caused  
fo rm a tio n  o f  more earlyw ood th a n  la tew o o d . A ccord ing  to  L arson  
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P e rc e n t  "n o rm al11 p r e c i p i t a t i o n  (Ju n e  - A ugust) o f 
seed  so u rc e s
F ig u re  20. R e la t io n s h ip  betw een  c e l l  lumen w id th  and 
































1 1 0 - -
105 - -




1 | ++ +
95 100 105 110 115 120 125 130 135
P e rc e n t "norm al" p r e c i p i t a t i o n  (O ctober - December) o f  seed  so u rces




t h e  p e r io d  o f  a c t i v e  e lo n g a t io n  and h ig h  a u x in  s y n t h e s i s .  T h is  
I n  t u r n  r e s u l t e d  i n  w id e r  w id th  o f  a n n u a l r in g  and g r e a t e r  
d ia m e te r  (T a b le  1 ) .
When w id th  o f  a n n u a l  r in g  was c o r r e l a t e d  w ith  p r e c i p i t a t i o n ,  
a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  ( r  -  0 .6 2 ,  F ig u r e  22) was 
o b ta in e d  f o r  s p r in g  m o n th s , a  p o s i t i v e  b u t  n o n - s i g n i f i c a n t  
c o r r e l a t i o n  ( r  = 0 .1 9 ,  F ig u r e  23) f o r  summer and a  n e g a t iv e  
c o r r e l a t i o n  f o r  autum n ( F ig u re  2 4 ) .  As i n  th e  r e s u l t s  f o r  w id th  
o f  c e l l  lum en and d ia m e te r ,  th e s e  c o r r e l a t i o n s  i n d i c a t e d  s p r in g  
and summer r a i n f a l l  t o  b e  m ost e f f e c t i v e  i n  r in g  f o r m a t io n ,  w h ile  
autum n p r e c i p i t a t i o n  was n o t e f f e c t i v e .  A cco rd in g  t o  Gaumann 
(1 9 2 8 ) , P ic e a  and A b ie s  s p e c ie s  h a v e  p ro d u ced  95 p e r c e n t  and  86 
p e r c e n t ,  r e s p e c t i v e l y ,  o f  t h e i r  a n n u a l in c re m e n t b y  m id - J u ly .  
Bannan (1 9 5 5 ) r e p o r t e d  t h a t  T h u ja  o r i e n t a l i s  p ro d u c e s  70 t o  80 
p e r c e n t  o f  i t s  g ro w th  r i n g  by  th e  b e g in n in g  o f  J u l y .  I n  th e  
B o g a lu sa  and  I d le w i ld  p l a n t a t i o n s  g r e a t e r  am ounts o f  p r e c i p i t a t i o n  
d u r in g  t h e  s p r in g  and summer fa v o re d  th e  p r o d u c t io n  o f  
w id e - c e l le d  xy lem  r e s u l t i n g  i n  w id e r  r i n g  w id th s  o f  t r e e s  w ith  
a  low er p e r c e n ta g e  o f  la te w o o d , w h ile  i n  De R id d e r  w here  s p r in g  
and  summer p r e c i p i t a t i o n  was low , n a r ro w e r  a n n u a l r i n g s  w ere  
form ed w i th  m ore la te w o o d .
T he c a u s e  and d ev e lo p m en t o f  a n n u a l  r in g s  i s  a  p h y s io lo g ic a l  
com plex t h a t  i s  beyond th e  sco p e  o f  t h i s  s tu d y . T he d i f f e r e n c e s  
i n  a n n u a l r i n g  w id th  among p l a n t a t i o n s  c o u ld  h a v e  b e e n  cau sed  
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P e rc e n t "norm al" p r e c ip i t a t i o n  (March - May) o f seed sou rces
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P e rc e n t "norm al" p r e c i p i t a t i o n  (Ju n e  - A ugust) o f 
seed so u rces
F ig u re  23. R e la t io n s h ip  betw een an n u a l r in g  w id th  and 
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P e rc e n t "norm al" p r e c i p i t a t i o n  (O c to b er - December) o f seed so u rces
Figure 24. Relationship between annual ring width and autumn precipitation
of seed source means. 117
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a l s o  by th e  com plex com ponents o f  env ironm ent such a s  l i g h t  
i n t e n s i t y ,  te m p e ra tu re , s o i l  f e r t i l i t y ,  b a s a l  d e n s i ty ,  e t c . .
S e v e ra l  o th e r  a rgum ents h av e  been  advanced  as  to  th e  
c o n t r o l  o f  an n u a l r in g  fo rm a tio n . D uring th e  p a s t  d ecad e  a 
c o n s id e ra b le  body o f  e v id en c e  h a s  accum ula ted  s u p p o r tin g  th e  
horm onal c o n t r o l  o f  grow th  r in g  fo rm a tio n  (L arso n  I9 6 0 , W areing 
1958). A ccord ing  to  th e s e  a u th o r s ,  t h i s  c o n ce p t r e l a t e s  th e  
p ro d u c tio n  o f h ig h  l e v e l s  o f d i f f u s i b l e  and b a s i p e t a l l y  
t r a n s p o r te d  a u x in  a s s o c ia te d  w ith  shoo t e x te n s io n  and l e a f  
developm ent w ith  th e  fo rm a tio n  o f la rg e  d ia m e te r  c e l l s  
(e a rly w o o d ), and th e  c e s s a t io n  of shoo t g ro w th  accom panied by 
reduced  le v e l s  o f  d i f f u s i b l e  a u x in  w ith  th e  i n i t i a t i o n  o f 
latew ood fo rm a tio n . T hus, any e n v iro n m en ta l e f f e c t  su ch  a s  
d ro u g h t o r  te m p e ra tu re  would a f f e c t  grow th  r i n g  fo rm a tio n  
i n d i r e c t l y  th ro u g h  i t s  e f f e c t  on sh o o t g row th  and l e a f  
e x te n s io n  and th e  su b seq u en t l e v e l s  o f  a u x in  p roduced .
V i r t u a l l y  n o th in g  i s  known ab o u t th e  en v iro n m e n ta l component, 
o f  t r a c h e id  le n g th  v a r i a t i o n  in  th e  so u th e rn  p in e s  b ecau se  
m e a n in g fu l, c o n t r o l le d  ex p erim en ts  have y e t  to  be u n d e rta k en  
(Koch 1972). The p r e s e n t  s tu d y , even though  i t  was n o t conducted  
in  a  manner to  be c o n s id e re d  " c o n t r o l le d "  h a s  in d ic a te d  
e n v iro n m en ta l v a r i a t i o n  i n  t r a c h e id  le n g th  (T ab le  9 ) .  C o r r e la t io n  
a n a ly s e s  o f  t r a c h e id  le n g th  w ith  p r e c i p i t a t i o n  re v e a le d  p o s i t i v e  
c o r r e l a t i o n  ( r  = 0 .1 7 . , F ig u re  27) w ith  autum n and n e g a tiv e  
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P e rc e n t "n o rm al11 p r e c i p i t a t i o n  o f seed  so u rc e s
F ig u re  26. R e la t io n s h ip  betw een t r a c h e id  le n g th  and
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p r e c i p i t a t i o n .  T hese  c o r r e l a t i o n s  su g g es ted  autumn p r e c i p i t a t i o n  
was more c r i t i c a l  in  t r a c h e id  le n g th  e lo n g a t io n .
The t r a c h e id  le n g th  c o r r e l a t i o n s  w ere q u i t e  s im i la r  to  th e  
t r e n d  shown f o r  h e ig h t  g row th , su g g e s tin g  th a t  th e  two p ro c e s s e s  
may be s im i l a r ly  a f f e c t e d  by th e  env iro n m en t. As m entioned  
e a r l i e r ,  a d eq u a te  ! :a l l  p r e c i p i t a t i o n  fa v o rs  th e  p ro d u c tio n  o f 
la r g e  te rm in a l  b u d s . C o n seq u en tly , th e  i n i t i a l  c e l l s  l a i d  o u t 
co u ld  be la r g e r  th a n  th o s e  o f s m a lle r  b u d s . A ccording  to  
Kennedy (1957) o f  th e  two f a c to r s  c au s in g  v a r i a t io n  in  f i b e r  
le n g th ,  th e  le n g th  o f  th e  i n i t i a t i n g  c e l l  in  th e  cambium i s  more 
im p o r ta n t in  c o n ife ro u s  t r e e s  th a n  i s  th e  e lo n g a tio n  o f  th e  
young d a u g h te r  c e l l s  a f t e r  d i f f e r e n t i a t i o n .  I t  i s  e v id e n t  t h a t  
c am b ia l i n i t i a l s  i n  f a s t  grow ing t r e e s  d iv id e  r a p id ly  a n t i c l i n a l l y  
t o  keep  pace w ith  th e  r a p id  r a t e  o f  c i r c u m f e r e n t ia l  g ro w th . 
T h e re fo re ,  when a  t r e e  i s  in c r e a s in g  r a p id ly  in  d ia m e te r ,  th e  
a v e ra g e  le n g th  o f  d a u g h te r  c e l l s  produced  by th e  cambium m ight be 
e x p e c te d  to  s h o r te n ,  due to  th e  f a c t  t h a t  la rg e  number o f  cam bial 
i n i t i a l s  have d iv id e d  a n t i c l i n a l l y .  S im i la r ly ,  a  t r e e  grow ing  
s lo w ly  in  d ia m e te r  would n o t in c r e a s e  i n  c irc u m fe re n ce  a t  a  
r a p id  r a t e ,  and a s  a  r e s u l t ,  few er cam b ia l c e l l s  would n eed  to  
d iv id e  a n t i c l i n a l l y .  Such a  t r e e  co u ld  be  ex p ec ted  to  h a v e  
t r a c h e id s  o f  g r e a t e r  le n g th ,  s in c e  cam b ia l i n i t i a l s  on th e  whole 
rem ain  lo n g . T h is  may e x p la in  th e  lo n g e r  t r a c h e id s  in  t r e e s  w ith  
g r e a t e r  h e ig h t  b u t s m a l le r  d ia m e te r  a s  o b se rv ed  in  th e  t r e e s  
grown in  th e  De R id d e r p l a n t a t i o n .
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C o r r e la t io n
To m axim ize g e n e t i c  g a in  th ro u g h  s e l e c t i o n  f o r  wood 
p r o p e r t i e s  and grow th  c h a r a c t e r i s t i c s ,  i t  i s  n e c e s sa ry  to  
d e te rm in e  w hether th e  v a r io u s  econom ic c h a r a c t e r i s t i c s  u n d e r 
s e l e c t i o n  a r e  in te rd e p e n d e n t ,  ( i . e . ,  I n h e r i t e d  a s  a  u n i t )  o r  
w hether each  one v a r i e s  w ith o u t a f f e c t i n g  th e  o th e r s .  T h e re fo re ,  
a l l  p o s s ib le  c o r r e l a t i o n s  w ere c a lc u la te d  among th e  s ix  wood 
p r o p e r t i e s  and two grow th  c h a r a c t e r i s t i c s  o f th e  l o b lo l ly  p in e  
t r e e s  in  t h i s  s tu d y .
The s im p le  c o r r e l a t i o n  c o e f f i c i e n t  f o r  each  v a r ia b le  i s  
ta b u la te d  in  T ab le  18. S ig n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  
u n d e r l in e d . The r e s u l t s  a r e  p re s e n te d  and d is c u s s e d  below .
A ll e x tre m e ly  sm all c o r r e l a t i o n s  was Ig n o red  i n  th e  d is c u s s io n .
P ro p o r t io n  o f la te w o o d . - -  T h is  wood p r o p e r ty  was 
s i g n i f i c a n t l y  c o r r e la t e d  w ith  s p e c i f i c  g r a v i ty  and latew ood c e l l  
w a ll th ic k n e s s .  I t s  r e l a t i o n s h i p  w ith  c e l l  w a ll  th ic k n e s s  Cr = 0 .0 8 ) 
was n o t a s  s tro n g  a s  i t s  r e l a t i o n  w ith  s p e c i f i c  g r a v i ty  ( r  = 0 .1 2 ) .  
No d e f i n i t e  r e l a t i o n s h i p  was e s ta b l i s h e d  w ith  t r a c h e id  le n g th .  The 
n e g a tiv e  c o r r e l a t i o n  w ith  w id th  o f c e l l  lum en, a lth o u g h  n o t 
s i g n i f i c a n t ,  su g g e s ts  t h a t  c e l l  lumens w ere n a rro w er i n  th e  
latew ood p o r t io n  o f th e  wood. The p o s i t i v e  c o r r e l a t i o n  o f 
p e rc e n t  latew ood w ith  c e l l  w a ll th ic k n e s s  and s p e c i f i c  g r a v i t y ,  
and i t s  n e g a tiv e  c o r r e l a t i o n  w ith  w id th  o f c e l l  lumen seemed 
f u r t h e r  to  i n d ic a te  t h a t  a s  latew ood t r a c h e id  a r e a  became l a r g e r ,
T ab le  18. C o r re la t io n  c o e f f i c i e n t s  o f s e v e ra l  wood and grow th c h a r a c t e r i s t i c s  f o r  1 3 -y e a r-o ld  lo b lo l ly  
p in e s  in  L o u is ia n a * ^
1 2 3 4 5 6 7 8 9
2 - .0 5
3 .08 .05
4 .10 .03 .95
5 .09 .16 •35 .35
6 .12 .08 .36 .37 .89
7 .01 ■-.03 .15 •16 .03 .06
8 .02  ■-.02 • I£ .20 .09 •13 .67
9 - .0 1 .1 4 - .0 7 - .0 3 - .1 4 - .1 3 .15 .03
10 .01 .16 - .0 8 - .0 4 - .1 7 - .1 6 •25 .16 •21
11 .10 • l i .88 .85 .75 .69 • I ! .18  ■-.12
12 .13 .0 7 .87 .91 .66 .72 .15 .20  ■-.0 8
13 .09 .11 .19 .22 .19 •21 .15 .18 .15
14 - .0 5 .06 - .1 8 - .1 9 -.2 2 - .2 7  ■-.11 -.2 1 .10
15 .09 .1 0 .17 .20 .19 .21 •16 .19 .16
16 - .0 6  ■-.10 - .0 6 - .1 0 - .1 8 - .2 0  •-.12 - .0 9  ■-.19
17 .0 8  ■-.02 .2 4 .23 .05 .05 .15 .1 4  --.11
18 -.0 1 .06 - .0 5 - .0 8 -.0 2 - .0 3 00 .01 ■-.07
19 - .0 3 00 .21 .22 .07 .09 .13 .13  ■-.0 4
20 - .0 6  •-.03 - .1 8 - .1 0 - .1 3 - .1 0  •-.11 - .1 2  ■-.15
21 - .0 4 .83 .10 .08 .17 .10 00 -.0 2 .12
22 .01 .39 .21 .20 .19 .16 .13 .2 4  •-.08
10 11 12 13 14 15 16 17 18 19 20 21
- .1 4
- .1 0  .9 4
.16 .23  .26
.02 - .2 3  - .2 6  - .4 6
.16 .21 .25 .9 4  - .4 7
- .1 5  - .1 3  - .1 6  - .6 2  .42 - .6 7
- .0 7  .19  .20 - .0 1  .01 - .0 4  .07
- .0 8  - .0 4  - .0 7  - .1 5  .2 0  - .1 6  .15 - .0 3
00 .1 8  .20 .0 4  - .0 3  .0 4  .02 .83 - .0 9
- .1 2  - .1 6  - .1 9  - .1 3  - .0 8  - .1 4  .08  - .2 7  .16 .34
*11 * i i  *1£ -Ih. *06 *11 '*12  *02 .06 .02 - .0 5
.02  .2 4  .22  .11 - .1 5  - .1 3  - .0 5  - .1 1  - .0 4  - .0 8  - .0 9  .49
+ U n d erlin ed  c o r r e la t io n s  a r e  s ig n i f i c a n t  (P < .0 5 ).
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1 = P ro p o r t io n  o£ la te w o o d .
2 = A verage w id th  o f  a n n u a l r in g .
3 = S p e c i f ic  g r a v i ty ,  u n e x tr a c te d ,  b a rk  s e c t io n .
4 = S p e c i f ic  g r a v i ty ,  e x t r a c t e d , . b a rk  s e c t io n .
5 = S p e c i f ic  g r a v i ty ,  u n e x tr a c te d ,  p i t h  s e c t io n .
6 = S p e c i f ic  g r a v i ty ,  e x t r a c te d ,  p i t h  s e c t io n .
7 = T ra c h e id  le n g th , la tew o o d , b a rk  s e c t io n .
8 = T ra c h e id  le n g th , earlyw ood , b a rk  s e c t io n .
9 = T ra c h e id  le n g th ,  la tew o o d , p i t h  s e c t io n .
10 = T ra c h e id  le n g th ,  earlyw ood , p i t h  s e c t io n .
11 = S p e c i f ic  g r a v i ty ,  u n e x tr a c te d ,  w hole c o re .
12 = S p e c i f ic  g r a v i ty ,  e x t r a c te d ,  w hole c o re .
13 -  C e l l  w a ll th ic k n e s s ,  r a d i a l  d im e n s io n , p i t h  s e c t io n .
14 = W idth  o f c e l l  lum en, r a d i a l  d im en s io n , p i t h  s e c t io n .
15 = C e l l  w a ll th ic k n e s s ,  t a n g e n t i a l  d im e n s io n , p i t h  s e c t io n .
16 = W idth  o f  c e l l  lum en, t a n g e n t i a l  d im e n s io n , p i t h  s e c t io n .
17 = C e l l  w a ll th ic k n e s s ,  r a d i a l  d im en s io n , b a rk  s e c t io n .
18 = W idth o f c e l l  lum en, r a d i a l  d im en s io n , b a rk  s e c t io n .
19 = C e l l  w a ll t h i c k n e s s ,  t a n g e n t ia l  d im e n s io n , b a rk  s e c t io n .
20 = W idth  o f c e l l  lum en, t a n g e n t ia l  d im e n s io n , b a rk  s e c t io n .
21 = D iam ete r.
22 = H e ig h t.
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w id th  o f  c e l l  lumen d e c re a se d  and th e  w a ll th ic k n e s s  o f  c e l l s  
In c re a s e d .  T h is  In c re a s e  was s u f f i c i e n t  to  r e s u l t  In  an  In c re a s e  
o f  s p e c i f i c  g r a v i t y ,  even though  th e  number o f  t r a c h e id s  p e r  
u n i t  a r e a s  was d e c r e a s in g .  The r e l a t i o n s h i p s  betw een th e s e  
c h a r a c t e r i s t i c s  a r e  s i g n i f i c a n t  b ecau se  th e y  su g g e s t t h a t  i f  
s e l e c t io n s  a r e  made f o r  in c re a s e d  la tew ood p e rc e n ta g e , an 
in c r e a s e  i n  s p e c i f i c  g r a v i ty  w i l l  a l s o  be o b ta in e d .
W idth o f  an n u a l r i n g . - -  A verage w id th  o f  an n u al r in g  
r e p r e s e n t s  th e  a v e ra g e  r a d i a l  g row th  in c re m en t of a  t r e e .  I t s  
h ig h  p o s i t i v e  c o r r e l a t i o n s  w ith  d ia m e te r  ( r  = 0 .8 3 ) and h e ig h t  
( r  = 0 .3 9 ) w ere e x p e c te d . In  th e  p i t h  s e c t io n ,  th e  w id th  o f 
an n u a l r in g  was a l s o  h ig h ly  c o r r e l a t e d  w ith  s p e c i f i c  g r a v i ty ,  
t r a c h e id  le n g th  i n  b o th  earlyw ood and la tew o o d ,an d  c e l l  d im en s io n s .
No s i g n i f i c a n t  c o r r e l a t i o n  was found w ith  o th e r  wood c h a r a c t e r i s t i c s .
The s i g n i f i c a n t  b u t low c o r r e l a t i o n  o f an n u al r in g  w id th  
w ith  s p e c i f i c  g r a v i ty  i n  th e  p i t h  s e c t io n  ( r  = 0 .1 6 )  would 
i n d i c a t e  t h a t  w h ile  s p e c i f i c  g r a v i ty  in c r e a s e s  in  an n u a l r in g  
w id th  up to  th e  7 th  r i n g ,  no r e l a t i o n s h i p  e x i s t s  from  th e  8 th  
r i n g  ou tw ard . I t  i s  g e n e r a l ly  re c o g n iz e d  t h a t ,  i n  c o n i f e r s ,  
more un ifo rm  r in g  w id th s  a r e  form ed w ith  h ig h e r  s p e c i f i c  g r a v i ty  
a s  th e  t r e e  a g e s . T h is  would th e r e f o r e  a cc o u n t f o r  th e  la c k  
o f  a  c o r r e l a t i o n  betw een an n u a l r i n g  w id th  and s p e c i f i c  g r a v i ty  
in  th e  b a rk  s e c t io n .  A d d i t io n a l ly ,  d u r in g  th e  e a r ly  grow th  
o f  th e  t r e e ,  w id e r r in g s  a r e  form ed w ith  an  in c r e a s in g  amount
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o f  la tew o o d . In  th e  p r e s e n t  s tu d y , t h i s  r e l a t i o n s h ip  ceased  
a t  th e  e ig h th  r in g  from  th e  p i t h .
A s i g n i f i c a n t  r e l a t i o n s h i p  betw een  an n u al r in g  w id th  and 
t r a c h e id  Length in  th e  p i t h  s e c t io n  was o b ta in e d  ( r  -  0 ,1 4 , 
la tew o o d , and 0 .1 6 , e a r ly w o o d ), in d ic a t in g  th a t  d u rin g  ju v e n i le  
g row th , a s  annual r in g  w id th  i n c r e a s e s ,  so does t r a c h e id  le n g th .
S p e c i f ic  g r a v i t y . - -  A v e ry  s t ro n g  r e l a t i o n s h ip  betw een 
u n e x tra c te d  and e x t r a c te d  s p e c i f i c  g r a v i ty  was o b ta in e d  ( r  = 0 .9 4 ) .  
T h is  h ig h  c o r r e l a t i o n  means t h a t  a lth o u g h  b o th  can be used a s  
i n d i c a to r s  o f s o l id  wood m a te r ia l ,  th e  e x tr a c te d  s p e c i f i c  g r a v i ty  
i s  p r e f e r r e d  becau se  e x t r a c t io n s  m ere ly  add "b u lk "  to  th e  c e l l  
and e x t r a c t i v e  c o n te n t  v a r i e s  w id e ly  w ith in  th e  t r e e .  The 
r e l a t i o n s h i p  o f s p e c i f i c  g r a v i ty  i n  th e  p i t h  s e c t io n  to  th e  
bark  s e c t io n  ( i . e . ,  wood n e a r  t r e e  c e n te r  to  t h a t  n e a r  th e  
b a rk ) was h ig h ly  s i g n i f i c a n t  (P < .0 1 ) , showing th a t  s p e c i f i c  
g r a v i ty  o f  th e  b a rk  s e c t io n  was I n d ic a t iv e  o f  s p e c i f i c  g r a v i ty  
o f  th e  w hole t r e e .  A ls o , t h i s  r e l a t i o n s h i p  would in d ic a te  t h a t  
s p e c i f i c  g r a v i ty  i s  u n d e r r a t h e r  s tro n g  g e n e t ic  c o n tro l  b e ca u se  
i t  rem ain s  f a i r l y  u n ifo rm  even w ith  s e a so n a l v a r i a t i o n  
in  en v iro n m en t. S to n ecy p h er and Zobel C1966) re p o r te d  
n a rro w -sen se  h e r i t a b i l i t i e s  o f  0 .7 3  and 0 .7 2  f o r  f iv e - y e a r - o ld  
and tw o -y e a r-o ld  l o b l o l l y  p l a n t a t i o n s ,  r e s p e c t iv e ly .  In  a  
progeny t e s t  o f s la s h  p in e ,  Goddard and C ole (1966) r e p o r te d  a  
s i g n i f i c a n t  c o r r e l a t i o n  betw een p a r e n t  and p ro g en y . Based on 
th e  h a l f - s i b  p ro g e n ie s ,  h e r i t a b i l i t y  o f s p e c i f i c  g r a v i ty
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was 0.43.
E x tra c te d  s p e c i f i c  g r a v i ty  o f  th e  b a rk  s e c t io n  showed 
a  s tro n g  p o s i t i v e  c o r r e l a t i o n  w ith  t r a c h e id  le n g th  In  th e  
la tew ood ( r  = 0 .1 6 )  and earlyw ood ( r  = 0 .2 0 )  o f th e  b a rk  s e c t io n .  
E x tra c te d  s p e c i f i c  g r a v i ty  of th e  p i t h  s e c t io n  how ever, showed 
a  s i g n i f i c a n t  n e g a tiv e  c o r r e l a t i o n  w ith  t r a c h e id  le n g th  in  th e  
la tew ood ( r  = - 0 .1 3 )  and earlyw ood { r = - 0 .1 3 )  o f  th e  p i t h  
s e c t io n .  F u r th e rm o re , t h i s  r e l a t i o n s h i p  was r e f l e c t e d  in  th e  
e x tr a c te d  s p e c i f i c  g r a v i ty  o f th e  whole c o re  w hich was 
s i g n i f i c a n t l y  p o s i t i v e l y  c o r r e la t e d  w ith  t r a c h e id  le n g th  in  
th e  b a rk  s e c t io n  and s i g n i f i c a n t l y  n e g a t iv e ly  c o r r e la te d  w ith  
t r a c h e id  le n g th  in  th e  p i t h  s e c t io n .  These r e l a t i o n s h ip s  
su g g e s t t h a t ,  a s  t r a c h e id  le n g th  in c r e a s e s ,  t h e r e  i s  a  
c o rre sp o n d in g  in c r e a s e  in  s p e c i f i c  g r a v i ty .  A p p a re n tly , t r e e s  
w ith  lo n g e r  t r a c h e id s  have h ig h e r  s p e c i f i c  g r a v i t y .  T h is  
r e s u l t  c o n t r a s t s  w ith  th e  n e g a t iv e  c o r r e l a t i o n  betw een t r a c h e id  
le n g th  and s p e c i f i c  g r a v i ty  in  l o b l o l l y  p in e s  found by Zobel 
e t  a l .  (1960 , 1961), b u t su p p o r ts  th e  f in d in g s  o f  E chols (1958) 
who found t h a t  an in c r e a s e  in  t r a c h e id  le n g th  was accom panied 
by an in c r e a s e  in  s p e c i f i c  g r a v i ty  in  S c o ts  p in e .  In  a  t h i r d  
s tu d y , Kramer (1957) found no r e l a t i o n s h i p  betw een  t r a c h e id  
le n g th  and d e n s i ty  in  l o b lo l ly  p in e .
T ree s  w ith  h ig h  s p e c i f i c  g r a v i ty  w i l l  have  c e l l s  w ith  
th i c k e r  w a l ls  and n a rro w er lumens th an  t r e e s  w ith  low er s p e c i f i c  
g r a v i ty ,  In  t h i s  s tu d y , s p e c i f i c  g r a v i ty  and c e l l  w a ll
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th ic k n e s s  in  th e  b a rk  s e c t io n  w ere h ig h ly  c o r r e l a t e d .  The 
c o r r e l a t i o n  c o e f f i c i e n t  f o r  c e l l  w a ll th ic k n e s s  in  th e  r a d i a l  
d im ension  was 0 .2 3  and in  th e  t a n g e n t i a l  d im en sio n , 0 .2 2 . The 
r e l a t i o n s h i p  betw een s p e c i f i c  g r a v i ty  and c e l l  w a ll th ic k n e s s  
o f  th e  p i t h  s e c t io n  was a l s o  s t r o n g .  The c o r r e l a t i o n  c o e f f i c i e n t  
f o r  c e l l  w a ll th ic k n e s s  in  th e  r a d i a l  d im ension  was 0 .2 2  and 
a t  t h e  t a n g e n t i a l  d im ension  i t  was 0 .2 0 . C o n v e rse ly , n e g a tiv e  
c o r r e l a t i o n s  w ere o b ta in e d  betw een s p e c i f i c  g r a v i ty  and w id th  
o f  c e l l  lumen a t  b o th  th e  b a rk  and p i t h  s e c t io n s .  T hese  
r e l a t i o n s h i p s  seem to  i n d i c a t e  t h a t  th e  in c r e a s e  in  s p e c i f i c  
g r a v i t y  i s  a t t r i b u t e d  to  th ic k -w a l le d  c e l l s  w ith  n arrow  lum ens, 
b u t  t h i s  r e l a t i o n s h i p  i s  a l s o  a f f e c t e d  by th e  p ro p o r t io n  o f 
la tew o o d . The n e g a t iv e  c o r r e l a t i o n  betw een s p e c i f i c  g r a v i ty  and 
w id th  o f  c e l l  lumen showed t h a t  s p e c i f i c  g r a v i ty  g e n e r a l ly  
d e c re a se d  a s  t r a c h e id s  grew  l a r g e r  i n  c r o s s - s e c t i o n a l  lumen a r e a .
The r e l a t i o n s h i p  o f  s p e c i f i c  g r a v i ty  and grow th  r a t e  was 
s i g n i f i c a n t  b u t  r a t h e r  weak. C o r r e la t io n  c o e f f i c i e n t s  f o r  s p e c i f i c  
g r a v i t y  w ith  h e ig h t  w ere 0 .2 4  (u n e x tra c te d )  and 0 .2 2  ( e x t r a c t e d ) ,  
w h ile  w ith  d ia m e te r ,  c o r r e l a t i o n  c o e f f i c i e n t s  w ere 0 .1 6  and 0 ,1 0  
w ith  u n e x tra c te d  and e x t r a c te d ,  r e s p e c t iv e ly .  A ccord ing  to  Koch 
(1 9 7 2 ) , grow th  r a t e  o f  p l a n t a t i o n  t r e e s ,  when m an ip u la ted  w ith  
ch an g in g  en v iro n m en t, may n o t be c lo s e ly  r e l a t e d  t o  wood s p e c i f i c  
g r a v i t y .  Yao (1 9 7 0 ) , c o n s id e r in g  a l l  h e ig h t  and r a d i a l  p o s i t io n s  
i n  l o b lo l ly  p in e s ,  concluded  t h a t  u n e x tra c te d  wood s p e c i f i c  
g r a v i ty  was p o s i t i v e l y  c o r r e la t e d  w ith  number o f  r in g s  p e r
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in c h  i n  th e  ra n g e  t h r e e  t o  e i g h t  r i n g s  p e r  in c h ;  i n  wood more 
th a n  e i g h t  r i n g s  p e r  in c h ,  how ever, s p e c i f i c  g r a v i t y  was 
g e n e r a l l y  u n r e l a t e d  t o  g row th  r a t e .  O th e r s  (M i l le r  1959, Gilmore 
e t  a l . 1961) a l s o  f a i l e d  t o  f i n d  any s i g n i f i c a n t  c o r r e l a t i o n  
betw een d ia m e te r  grow th and s p e c i f i c  g r a v i t y .
The p o s i t i v e  r e l a t i o n s h i p s  betw een s p e c i f i c  g r a v i t y  and 
p r o p o r t io n  o f la tew o o d , w id th  o f  an n u a l  r i n g ,  t r a c h e i d  len g th  
i n  t h e  ba rk  s e c t i o n ,  c e l l  w a l l  t h i c k n e s s ,  and grow th  r a t e ,  
s u g g e s t s  t h a t  s e l e c t i o n  o f  l o b l o l l y  p in e  seed so u rc e s  f o r  
h ig h e r  s p e c i f i c  g r a v i t y  may b e  e co n o m ica lly  f e a s i b l e  and 
a d v a n ta g e o u s .
T rach e id  l e n g t h . - -  T rac h e id  l e n g th  i s  a  c h a r a c t e r i s t i c  o f  
g r e a t  im p o r tan ce  t o  th e  p u lp  and p ap e r  i n d u s t r y .  L ik e  s p e c i f i c  
g r a v i t y ,  i t  i s  now b e in g  c o n s id e re d  i n  s e l e c t i n g  t r e e s  f o r  t r e e  
improvement.
T a b l e . 18 show a s t r o n g  p o s i t i v e  c o r r e l a t i o n  be tw een
la tew ood and earlywood t r a c h e i d  l e n g th s  i n  bo th  th e  p i t h  and
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b a rk  s e c t i o n ,  Earlywood and latewood t r a c h e i d  l e n g th  does  n o t  
d i f f e r  v e ry  much w i th in  a  g row th  r in g  even  though l a r g e  
d i f f e r e n c e s  a r e  found be tw een  t r a c h e i d s  o f  th e  p i t h  an d  th e  
b a rk  s e c t i o n  (T ab le  2 ) .  I n  agreem ent w i th  th e  l i t e r a t u r e  
(D adsw ell and Wardrop 1960, Anderson 1951, and Choong e t  a l .  
1970 ), b o th  earlywood and la tew ood t r a c h e i d s  near t h e  p i t h  
were s h o r t e r  th a n  th o s e  n e a r  th e  b a rk .
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C e l l  v » l l  t h i c k n e s s  was measured o n ly  i n  th e  la tew ood of 
b o th  p i t h  and b a rk  s e c t i o n s .  S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  
between la tew ood t r a c h e i d  l e n g th  and la tew ood c e l l  w a l l  th i c k n e s s  
o f  th e  b a rk  and p i t h  s e c t i o n s  were o b ta in e d .  C e l l  w a l l  th i c k n e s s  
( r a d i a l  d im en s io n )  o f  th e  b a rk  s e c t i o n  had a  c o r r e l a t i o n  
c o e f f i c i e n t  o f  0 .1 5 ,  w h i le  i n  th e  t a n g e n t i a l  d i a m e te r ,  r  = 0 .1 3 .  
C o r r e l a t i o n  c o e f f i c i e n t s  f o r  th e  p i t h  s e c t i o n  were 0 .1 5  and 0 .16  
f o r  t h e  r a d i a l  and t a n g e n t i a l  d im e n s io n s ,  r e s p e c t i v e l y .
N eg a tiv e  c o r r e l a t i o n s  betw een t r a c h e i d  l e n g th  and w id th  of 
c e l l  lumen a t  b o th  t h e  p i t h  and th e  b a rk  s e c t i o n s  were o b ta in e d .  
F o r  th e  b a rk  s e c t i o n ,  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  w id th  o f  c e l l  
lumen were - 0 .1 1  i n  t h e  r a d i a l  and - 0 .1 2  i n  t h e  t a n g e n t i a l  
d im en s io n s ;  f o r  t h e  p i t h  s e c t i o n ,  th e y  were - 0 .1 0  i n  t h e  r a d i a l  
and - 0 .1 9  i n  t h e  t a n g e n t i a l  d im e n s io n s ,  r e s p e c t i v e l y .  These 
r e s u l t s  and th e  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  betw een c e l l  
w a l l  t h i c k n e s s  and t r a c h e i d  l e n g th  i n  b o th  th e  p i t h  and  b a rk  
s e c t i o n s  i n d i c a t e  t h a t  lo n g e r  t r a c h e i d s  ( i n  t h e  la tew ood) have 
t h i c k  w a l l s  and narrow  lum ens. T h is  i s  i n  a c c o rd  w ith  t h e  
f i n d i n g s  o f  Zobel e t  a l .  (1961) and Goggans (1962) who r e p o r te d  
t h a t  i n  l o b l o l l y  p i n e ,  lo n g e r  t r a c h e i d s  have  t h i c k e r  w a l l s .
The s i g n i f i c a n t  c o r r e l a t i o n s  o f  t r a c h e i d  l e n g th  w i th  
d ia m e te r  and h e i g h t  a r e  more d i f f i c u l t  t o  e x p la in .  When grow th 
r a t e  was e x p re s s e d  i n  te rm s  o f  d ia m e te r ,  many r e s e a r c h e r s  
(H ata  1949, E cho ls  1958, Zobel e t  a l .  1960, T hor 1964) r e p o r te d  
t h a t  th e  r e l a t i o n s h i p  was n e g a t i v e ;  o t h e r s  e i t h e r  found a
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p o s i t i v e  c o r r e l a t i o n  (Kennedy and Smith I960 , Posey  e t  a l . 1969, 
Choong e t  a l .  1970) o r  no r e l a t i o n s h i p  ( S t a i r s  e t  a l .  1966,
Zobel e t  a l .  1969). When h e ig h t  was used to  e x p re s s  g row th  r a t e ,  
E cho ls  (1958) and Dorn (1968) r e p o r t e d  a  Btrong c o r r e l a t i o n  w ith  
t r a c h e i d  le n g th  i n  S c o ts  p in e .  I n  t h i s  s tu d y ,  th e  c o r r e l a t i o n s  
were n o t  c l e a r  e i t h e r .  T ra c h e id  l e n g th  i n  t h e  p i t h  s e c t i o n  
was p o s i t i v e l y  c o r r e l a t e d  w i th  d ia m e te r ,  b u t  t r a c h e i d  le n g th  
i n  t h e  b a r k  s e c t i o n  was n o t .  A ls o ,  t r a c h e i d  l e n g th  i n  t h e  b a rk  
s e c t i o n  was p o s i t i v e l y  c o r r e l a t e d  w i th  h e ig h t  b u t  t r a c h e i d  
le n g th  i n  t h e  p i t h  s e c t i o n  was n e g a t i v e l y  c o r r e l a t e d .
C e l l  w a l l  t h i c k n e s s . - -  W hile t h e r e  was no c o r r e l a t i o n  
betw een t h e  latewood c e l l  w a l l  t h i c k n e s s  i n  e i t h e r  t h e  r a d i a l  
o r  t a n g e n t i a l  d im en s io n s  o f  th e  p i t h  and b a rk  s e c t i o n s ,  s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n s  were found betw een c e l l  w a ll  t h i c k n e s s  and 
w id th  o f  c e l l  lumen i n  b o th  p i t h  and b a rk  s e c t i o n s .  The la c k  of 
a  s i g n i f i c a n t  r e l a t i o n s h i p  f o r  c e l l  w a l l  t h i c k n e s s  be tw een  th e  
p i t h  and  th e  b a rk  s e c t i o n s  i n d i c a t e s  i n d i c a t e s  t h a t  t h e  tendency  
f o r  p ro d u c t io n  o f t h i c k e r - w a l l e d  t r a c h e i d s  deve loped  e a r l y  i n  t h e  
l i f e  o f  t h e  t r e e .  The s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  between 
c e l l  w a l l  th i c k n e s s  and w id th  o f  c e l l  lumen i s  an  i n d i c a t i o n  t h a t  
an  i n c r e a s e  i n  w a l l  t h i c k n e s s  i s  accompanied by a  d e c r e a s e  i n  th e  
w id th  o f  c e l l  lumen. T h e re  was no r e l a t i o n s h i p  betw een  th e  r a d i a l  
and t a n g e n t i a l  d im en s io n s  f o r  c e l l  t a l l  t h i c k n e s s  and w id th  of 
c e l l  lumen i n  t h i s  s tu d y  which a g r e e s  w i th  t h e  f i n d i n g s  o f
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ZobeL e t  a l .  (1 9 6 1 ) .
The r e l a t i o n s h i p s  between c e l l  w a l l  th i c k n e s s  and d ia m e te r  
and h e ig h t  were q u i t e  e r r a t i c .  The c o r r e l a t i o n  c o e f f i c i e n t  waB 
s i g n i f i c a n t  f o r  d ia m e te r  when c o r r e l a t e d  w i th  c e l l  w a ll  
th i c k n e s s  i n  t h e  p i t h  s e c t i o n  b u t  n o t  s i g n i f i c a n t  when c o r r e l a t e d  
w i th  c e l l  w a ll  t h i c k n e s s  i n  t h e  b a rk  s e c t i o n .  These f i n d i n g s  
s u g g e s t  t h a t  e a r l y  i n c r e a s e  i n  d ia m e te r  c au sed  a  c o r re sp o n d in g  
in c r e a s e  i n  c e l l  w a l l  t h i c k n e s s  i n  latewood b u t  t h i s  e f f e c t  
d is a p p e a re d  a s  t h e  t r e e  aged . T a ra s  (1965) observed  th e  v a r i a t i o n  
i n  w a l l  t h i c k n e s s  and c e l l  d ia m e te r  w ith  d i s t a n c e  from t h e  p i t h  
a t  b r e a s t  h e ig h t  i n  s l a s h  p in e .  He r e p o r t e d  t h a t  i n  la tew o o d , 
w a i l  th ic k n e s s  in c r e a s e d  f a i r l y  r a p i d l y  f o r  t h e  f i r s t  10 y e a r s ,  
•then in c re a s e d  s lo w ly ,  f i n a l l y  l e v e l i n g  o f f  a t  abou t ag e  22.
Width o f  c e l l  lumen. - -  T here  were p o s i t i v e  c o r r e l a t i o n s  
be tw een  c e l l  lumen w id th  o f  t h e  p i t h  s e c t i o n  and t h a t  o f  t h e  
b a r k  s e c t i o n ,  w hich i n d i c a t e s  t h a t  th e  s i z e  o f  th e  lumen i s  
r e l a t e d  a t  v a r io u s  r a d i a l  l o c a t i o n s  a t  a  g iv e n  h e ig h t .  T h i s  
i n d i c a t e s  a  s t r o n g  d e g re e  o f  g e n e t i c  c o n t r o l  i n  lumen c e l l s  
b e c a u se  i n  s p i t e  o f  age and s e a s o n a l  d i f f e r e n c e s  th e y  rem ained  
u n ifo rm ly  th e  same.
The r e l a t i o n s h i p  o f  w id th  o f  c e l l  lumen w ith  d ia m e te r  and 
h e i g h t  was q u i t e  i n c o n s i s t e n t .  A n e g a t iv e  c o r r e l a t i o n  was 
o b ta in e d  betw een w id th  o f  c e l l  lumen i n  t h e  p i t h  s e c t i o n  and 
d ia m e te r ,  b u t  no s i g n i f i c a n t  c o r r e l a t i o n  was found betw een  th e
134
w id th  o f  c e l l  lumen o f  t h e  b a rk  s e c t i o n  and d ia m e te r .
S i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n s  were a l s o  found betw een  w id th  
o f  c e l l  lumen i n  b o th  p i t h  and b a rk  s e c t i o n  w i th  h e i g h t .  These  
c o r r e l a t i o n s  would mean t h a t  t r e e s  i n  t h i s  s tu d y  which grew 
t a l l e r  produced narrow  lumened c e l l s ,  which i s  p ro b a b ly  r e l a t e d  
t o  t h e  p a t t e r n  observed  i n  th e  De R id d e r  p l a n t a t i o n  where a l l  
o f  th e  seed  so u rc e s  made b e t t e r  h e ig h t  grow th  and a l s o  produced  
a  h ig h e r  p r o p o r t io n  o f  la tew ood.
D iam ete r  and h e i g h t . - -  These  two grow th c h a r a c t e r i s t i c s  
were s t r o n g l y  c o r r e l a t e d  a s  ejqpected becau se  o f  th e  young age  
o f  th e  t r e e s .  A cco rd ing  t o  A.B. Crow (p e r s o n a l  com m unication) 
t h e r e  i s  no age  l i m i t  a t  which t h i s  r e l a t i o n s h i p  c e a s e s  i n  
l o b l o l l y  p i n e .  The r e l a t i o n s h i p s  found when d ia m e te r  and h e ig h t  
were c o r r e l a t e d  w ith  wood p r o p e r t i e s  have been  d i s c u s s e d  above. 
H e ig h t  and d ia m e te r  grow th  were p o s i t i v e l y  c o r r e l a t e d  w i th  
a n n u a l  r i n g  w id th ,  s p e c i f i c  g r a v i t y ,  t r a c h e i d  le n g th ,  and c e l l  
w a l l  t h i c k n e s s ,  b u t  n e g a t i v e ly  c o r r e l a t e d  w i th  c e l l  lumen w id th .
SUMMARY AND CONCLUSIONS
T h is  s tu d y  was i n i t i a t e d  to  d e te rm in e  t h e  g e o g ra p h ic a l  
v a r i a t i o n  i n  wood and grow th  c h a r a c t e r i s t i c s  o f  l o b l o l l y  p in e  
t r e e s  from  lo c a l  L o u i s ia n a  seed s o u r c e s ,  t o  i n v e s t i g a t e  seed  
so u rce -e n v iro n m en t  i n t e r a c t i o n ,  and t o  t e s t  f o r  c o r r e l a t i o n s  
between wood p r o p e r t i e s  and grow th c h a r a c t e r i s t i c s .
The g eo g rap h ic  seed  so u rces  used  i n  t h i s  s tu d y  were 
s e l e c t e d  by  P r o f e s s o r  A.B. Crow o f  t h e  L o u is ia n a  S t a t e  U n iv e r s i t y ,  
School o f  F o r e s t r y  and W i l d l i f e  Management i n  1956 i n  E as t  
F e l i c i a n a ,  S t .  Tammany, Vernon (N o r th ) ,  Vernon (S o u th ) ,  and 
W ashington p a r i s h e s  i n  L o u is ia n a .  The seed s o u rc e  t e s t s  were 
e s t a b l i s h e d  i n  1958-59 w ith  1-0 s e e d l in g s  i n  p l a n t a t i o n s  l o c a t e d  
i n  Vernon P a r i s h  (West L o u is ia n a  Experim ent S t a t i o n ,  De R id d e r ) ,  
E a s t  F e l i c i a n a  P a r i s h  ( I d le w i ld  P l a n t a t i o n ,  C l i n t o n ) ,  and 
W ashington P a r i s h  (Lee Memorial F o r e s t ,  B o g a lu sa ) .  The p l a n t a t i o n s  
were d e s ig n e d  a s  random ized  b lo c k s  w ith  f o u r  r e p l i c a t i o n s  u s in g  
a  6 ’ x 6 '  sp ac in g .
O v e rs iz e  in c rem en t c o re  sam ples were t a k e n  a t  b r e a s t  
h e ig h t  from  10 t r e e s  p e r  so u rce  i n  each b lo c k .  The d ia m e te r s  
(dbh) and t o t a l  h e i g h t s  o f  th e  sampled t r e e s  were  a l s o  m easured .
From each c o re  sample th e  f o l lo w in g  wood p r o p e r t i e s  were 
m easured: p e rc e n ta g e  la tew o o d , w id th  o f annual r i n g ,  s p e c i f i c  
g r a v i t y  (u n e x t r a c te d  and  e x t r a c t e d ) , t r a c h e i d  l e n g t h ,  and 
t r a c h e i d  c r o s s - s e c t i o n a l  d im ens ions  ( c e l l  w a ll  th i c k n e s s  and
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width of cell lumen).
A s p l i t  p l o t  a n a l y s i s  of v a r i a n c e  was used t o  e v a lu a te  t h e  
g e o g ra p h ic  v a r i a t i o n  and gen o ty p e-en v iro n m en t i n t e r a c t i o n  i n  
d ia m e te r ,  h e i g h t ,  p e rc e n ta g e  la tew o o d , and w id th  o f  annual r i n g .
A s p l i t - s p l i t  p l o t  a n a l y s i s  of v a r i a n c e  was used i n  a n a ly z in g  
s p e c i f i c  g r a v i t y ,  t r a c h e i d  le n g th ,  and c r o s s - s e c t i o n a l  c e l l  
d im e n s io n s .  Sim ple c o r r e l a t i o n  a n a ly s e s  were conducted  to  
d e te rm in e  t h e  r e l a t i o n s h i p s  betw een wood p r o p e r t i e s  and grow th 
c h a r a c t e r i s t i c s .
R e g r e s s io n  and c o r r e l a t i o n  a n a ly s e s  were made on th e  13- 
y e a r  p r e c i p i t a t i o n  d a t a  f o r  a  p l a n t a t i o n  s i t e  ( e x p re s s e d  a s  
p e rc e n ta g e  o f  th e  "norm al"  p r e c i p i t a t i o n  of t h e  seed  so u rc e s )  and 
t h e  grow th o r  wood c h a r a c t e r i s t i c  ( e x p re s s e d  a s  p e rc e n ta g e  o f  t h e  
seed  so u rc e  means) t o  e v a lu a t e  th e  e f f e c t s  o f  s e a s o n a l  m o is tu re  
c o n d i t i o n s  on d i f f e r e n c e s  among seed  so u rc e s  a t  t h e  d i f f e r e n t  
p l a n t i n g  s i t e s .
A n a ly se s  o f  v a r i a n c e  f o r  grow th r e v e a le d  n o n - s i g n i f i c a n t  
d i f f e r e n c e s  i n  d ia m e te r  and h e ig h t  g row th  among seed  so u rces  and 
among p l a n t a t i o n s .  T h e re  was however, an  i n d i c a t i o n  t h a t  t h e s e  
grow th t r a i t s  were g e n e t i c a l l y  c o n t r o l l e d  to  a  c e r t a i n  e x te n t  a s  
ev idenced  by  th e  c o n s i s t e n t l y  h ig h e r  grow th  r a t e  o f  th e  S t .  
Tammany seed  so u rc e  when p la n te d  i n  a l l  t h r e e  p l a n t i n g  s i t e s .
A n a ly se s  o f  v a r i a n c e  f o r  th e  d i f f e r e n t  wood p r o p e r t i e s  
i n d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  a n n u a l  r i n g  w id th ,  s p e c i f i c  
g r a v i t y ,  c e l l  w a l l  t h i c k n e s s ,  and c e l l  lumen w id th  among seed
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s o u r c e s ,  and a l s o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t r a c h e i d  l e n g th ,  
s p e c i f i c  g r a v i t y ,  and c e l l  d im en s io n s  among p l a n t a t i o n s .  
P e rc e n ta g e  la tew ood d i d  n o t show an y  s i g n i f i c a n t  d i f f e r e n c e s  
e i t h e r  among seed  s o u rc e s  o r  among p l a n t a t i o n s .
V a r i a t i o n  i n  a n n u a l  r in g  w id th  appeared  t o  fo l lo w  a 
c o n t in o u s  p a t t e r n  o f  g e o g ra p h ic a l  v a r i a t i o n ,  d e c r e a s in g  from 
t h e  e a s t  t o  w e s t .  The e a s te rm o s t  seed  s o u rc e s ,  S t .  Tammany 
and W ashing ton , had a n n u a l  r in g  w id th s  o f  0 .210  and 0 .213  i n c h e s ,  
r e s p e c t i v e l y ,  w h ile  t h e  w este rnm ost seed  s o u rc e ,  Vernon (N) 
had ap  a n n u a l  r in g  w id th  of 0 .193  in c h e s .
S p e c i f i c  g r a v i t y ,  c e l l  w a ll  t h i c k n e s s ,  and c e l l  lumen w id th  
d id  n o t  f o l lo w  a  d e f i n i t e  p a t t e r n  o f  g e o g ra p h ic a l  v a r i a t i o n .
High s p e c i f i c  g r a v i t y  was found i n  a  w e s te r ly  seed  sou rce  
(Vernon - S) and a l s o  an  e a s t e r l y  seed  so u rce  ( S t .  Tammany). The 
a v e ra g e  e x t r a c t e d  s p e c i f i c  g r a v i t i e s  (whole c o re )  f o r  th e  
d i f f e r e n t  so u rc e s  were 0 .4 2 9 ,  0 .4 2 4 ,  0 .4 2 1 ,  0 .4 2 0 ,  and 0 ,4 0 8 ,  f o r  
Vernon ( S ) ,  S t .  Tammany, E as t F e l i c i a n a ,  Vernon (N ), and 
W ashington seed  s o u r c e s ,  r e s p e c t i v e l y .  C e l l  w a l l  th i c k n e s s  
fo l lo w e d  t h e  same p a t t e r n  of v a r i a t i o n  a s  s p e c i f i c  g r a v i t y ,  i . e . ,  
c e l l  w a ll  t h i c k n e s s  was l a r g e s t  ( 4 .7 5  m icrons) i n  th e  Vernon (S) 
seed s o u rc e  and was s m a l l e s t  (4 .5 1  m ic rons)  i n  t h e  W ashington 
seed  s o u rc e .  For c e l l  lumen w id th ,  t h e  W ashington seed so u rc e  
h a s  t h e  w id e s t  (3 5 .9  m ic ro n s)  and  E a s t  F e l i c i a n a  seed so u rc e  had 
t h e  n a r ro w e s t  (3 3 .9  m ic ro n s ) .
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A lthough g e o g ra p h ic  d i f f e r e n c e s  in  t r a c h e i d  l e n g th  were 
n o t  s i g n i f i c a n t ,  t h e r e  seems t o  be a  c l i n a l  t r e n d  in  v a r i a t i o n  
a lo n g  an  e a s t - w e s t  and n o r th - s o u th  t r a n s e c t  i n  L o u i s ia n a .
W ith in  a  t r e e ,  s p e c i f i c  g r a v i t y ,  c e l l  w a l l  t h i c k n e s s ,  
p e rc e n ta g e  la tew o o d , and t r a c h e i d  le n g th  I n c r e a s e d  from  p i t h  
t o  b a r k ,  w h ile  a n n u a l  r i n g  w id th  d ec rea se d  from  p i t h  t o  b a rk .
S i g n i f i c a n t  seed  s o u r c e - p l a n t a t i o n  i n t e r a c t i o n s  w ere  
o b ta in e d  f o r  h e i g h t ,  s p e c i f i c  g r a v i t y ,  and t r a c h e i d  l e n g t h .
A n a ly se s  o f  v a r i a n c e  r e v e a le d  d i f f e r e n c e s  i n  grow th  and 
wood p r o p e r t i e s  among seed  s o u rc e s  due t o  en v iro n m e n ta l  
i n f l u e n c e s ,  i . e . ,  p l a n t i n g  s i t e .  These i n f l u e n c e s  were more 
pronounced  on t r a c h e i d  le n g th ,  s p e c i f i c  g r a v i t y ,  c e l l  d im ensions  
and were l e s s  pronounced i n  p e rc e n ta g e  la te w o o d ,  w id th  o f  annual 
r i n g ,  and grow th  r a t e .
Due to  t h e  u n iq u e  l o c a t i o n  o f  seed s o u rc e s  and p l a n t a t i o n s ,  
v a r i a t i o n s  i n  l a t i t u d e ,  e l e v a t i o n ,  p h o to p e r io d ,  t e m p e r a tu r e ,  and 
s o i l s  were m in im ized . One m ajor v a r i a b l e  t h a t  was n o t  u n ifo rm  
among th e  t h r e e  p l a n t i n g  s i t e s  was s e a so n a l  d i s t r i b u t i o n  o f  
r a i n f a l l .  T h e r e f o r e ,  t h e s e  p r e c i p i t a t i o n  p a t t e r n s  were 
i n v e s t i g a t e d  to  d e te rm in e  i f  s e a s o n a l  m o is tu re  r e l a t i o n s  cou ld  
p o s s ib ly  e x p la in  some o f th e  d i f f e r e n c e s  i n  g row th  and wood 
p r o p e r t i e s  among seed  s o u rc e s .  R e g re s s io n  and c o r r e l a t i o n  a n a ly se s  
were made on th e s e  s e a s o n a l  p r e c i p i t a t i o n  and grow th  and wood 
c h a r a c t e r i s t i e s .
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R e g r e s s io n  a n a ly s e s  o f  t h e  d i f f e r e n t  g row th  and wood 
p r o p e r t i e s  on th e  s e a s o n a l  p r e c i p i t a t i o n  r e v e a le d  p o s i t i v e  
r e l a t i o n s h i p s  f o r  autumn p r e c i p i t a t i o n  w ith  h e i g h t ,  c e l l  w a l l  
t h i c k n e s s ,  p e rc e n ta g e  la tew o o d , s p e c i f i c  g r a v i t y ,  and t r a c h e i d  
le n g th ;  and p o s i t i v e  r e l a t i o n s h i p s  f o r  s p r in g  and summer 
p r e c i p i t a t i o n  w ith  d ia m e te r ,  annual r i n g  w id th ,  and c e l l  lumen. 
T hese  r e s u l t s  su g g es t  t h a t  autumn p r e c i p i t a t i o n  was c r i t i c a l  
f o r  h e ig h t  g row th  and p ro d u c t io n  o f h ig h e r  d e n s i t y  wood (h ig h  
i n  p e r c e n ta g e  latewood and th ic k - w a l l e d  c e l l s ) ,  w h ile  s p r in g  and 
summer p r e c i p i t a t i o n  were c r i t i c a l  f o r  d ia m e te r  grow th and t h e  
p ro d u c t io n  o f  w ider an n u a l  r i n g s  and wide-lum ened xylem (earlyw ood) 
i n  l o b l o l l y  p in e s  i n  L o u i s ia n a .
In  t h e  De R idder p l a n t a t i o n ,  where m o is tu re  s t r e s s  began  
e a r l y  i n  th e  growing s e a so n  b u t  more p r e c i p i t a t i o n  o c c u r re d  
l a t e r  i n  t h e  growing s e a so n  (au tum n), t r e e s  o f  a l l  seed s o u rc e s  
grew  t a l l e r  b u t  had a  low r a t e  o f  d ia m e te r  g row th , were h ig h e r  
i n  wood s p e c i f i c  g r a v i t y  (h ig h  p e rc e n ta g e  la tew ood and t h i c k e r  
c e l l s )  and had  lo n g e r  t r a c h e i d s .  On t h e  o th e r  hand , i n  th e  
Id le w i ld  and B ogalusa p l a n t a t i o n s  where m o is tu re  s t r e s s  was 
lo w er, seed  so u rc e s  had l a r g e r  d ia m e te r s ,  w ider  a n n u a l  r i n g s  
b u t  were low er i n  wood d e n s i t y .
A p p a re n t ly ,  th e  s e a s o n a l  r a i n f a l l  p a t t e r n  a t  t h e  De R id d e r  
p l a n t a t i o n ,  w h ile  u n fa v o ra b le  f o r  d ia m e te r  g row th  b ecau se  o f  
m o is tu re  s t r e s s  e a r l i e r  i n  th e  s e a so n ,  was conducive  t o  h e i g h t
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grow th because  o f  r e l a t i v e l y  abundant w a te r  in  th e  f a l l .  T h is  
l a t e - s e a s o n  p r e c i p i t a t i o n  may have p ro longed  th e  p ro d u c t io n  o f  
grow th f lu s h e s  and most c e r t a i n l y  in f lu e n c e d  th e  fo rm a tio n  o f  
lo n g e r  te rm in a l  buds i n  th e  w in te r ,  which would produce a  more 
v ig o ro u s  growth f l u s h  th e  fo l lo w in g  s p r in g .  A lso ,  i t  was 
e v id e n t  t h a t  e a r ly  m o is tu re  s t r e s s  a t  t h i s  s i t e  had i n i t i a t e d  
e a r l y  fo rm ation  o f  la tewood and l a t e - s e a s o n  r a i n f a l l  p ro longed  
th e  p ro d u c t io n  o f  t h e s e  th ickT w alled  c e l l s ,  r e s u l t i n g  in  
h ig h e r  d e n s i t y  wood.
S p e c i f i c  g r a v i t y  was p o s i t i v e l y  c o r r e l a t e d  w i th  p e rc e n ta g e  
la tew ood , annual r i n g  w id th ,  c e l l  w a ll  t h i c k n e s s ,  t r a c h e id  
le n g th  ( i n  th e  b a rk  s e c t i o n ) ,  d ia m e te r ,  and h e ig h t .  I t  was 
n e g a t iv e ly  c o r r e l a t e d  w i th  w idth  o f  c e l l  lumen and t r a c h e id  
le n g th  ( a t  th e  p i t h  s e c t i o n ) .  These c o r r e l a t i o n s  would i n d i c a t e  
t h a t  an in c r e a s e  i n  w id th  o f  annual r i n g ,  p ro p o r t io n  of 
la tew ood , c e l l  w a ll  th i c k n e s s  and t r a c h e id  le n g th  c o n t r i b u t e  
t o  in c re a s e d  s p e c i f i c  g r a v i t y .  A lso , l o b l o l l y  p in e  t r e e s  in  t h i s  
s tu d y  t h a t  made good h e ig h t  growth a l s o  had h ig h e r  s p e c i f i c  
g r a v i t y .
T rach e id  le n g th  was p o s i t i v e l y  c o r r e l a t e d  w i th  th e  w id th  
o f  annua l r i n g ,  d ia m e te r ,  and c e l l  w a ll  th ic k n e s s  o f  th e  la tew ood. 
I t  was n e g a t iv e ly  c o r r e l a t e d  w ith  w id th  o f  c e l l  lumen.
O ther c o r r e l a t i o n s  showed t h a t  c e l l  w a ll  th i c k n e s s  was 
p o s i t i v e l y  c o r r e l a t e d  w i th  p r o p o r t io n  o f  la tew ood, s p e c i f i c
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g r a v i t y ,  t r a c h e i d  l e n g th ,  and n e g a t i v e l y  c o r r e l a t e d  w ith  w id th  
o f  c e l l  lumen. T h is  n e g a t iv e  c o r r e l a t i o n  w ith  c e l l  lumen 
i n d i c a t e s  t h a t  c e l l  lumen w id th  d e c r e a s e s  w ith  t h e  th ic k e n in g  
o f  t h e  c e l l  w a l l .
Annual r i n g  w id th ,  d ia m e te r ,  and h e ig h t  g row th  were s t r o n g l y  
p o s i t i v e l y  c o r r e l a t e d  a s  expec ted  b e c a u s e  o f  th e  young age  o f  t h e  
t r e e s .
From th e  r e s u l t s  o f  t h i s  s tu d y ,  t h e  fo l lo w in g  c o n c lu s io n s  
can be drawn:
1. V ery l i t t l e  g e o g ra p h ic  v a r i a t i o n  in  grow th and wood 
p r o p e r t i e s  e x i s t e d  among t h e  f i v e  L o u i s ia n a  seed s o u rc e s .  
Only an n u a l  r i n g  w id th ,  s p e c i f i c  g r a v i t y ,  and c e l l  
d im ens ions  showed s i g n i f i c a n t  v a r i a t i o n .  Among th e  f i v e  
seed s o u rc e s ,  t h e  S t .  Tammany seed  so u rc e  had a 
c o n s i s t e n t l y  h ig h e r  growth r a t e  (d ia m e te r  and h e ig h t )
a t  a l l  s i t e s .  The Vernon (S) seed  so u rce  was h i g h e s t  i n  
s p e c i f i c  g r a v i t y .  T h e re fo re ,  s e l e c t i o n  f o r  grow th  r a t e  
would f a v o r  t h e  S t .  Tammany s o u r c e ,  w h ile  s e l e c t i o n  f o r  
s p e c i f i c  g r a v i t y  would f a v o r  t h e  Vernon (S )  so u rc e .  The 
S t .  Tammany s o u rc e  a l s o  ranked  second i n  s p e c i f i c  g r a v i t y .
2. The n o n - s i g n i f i c a n t  r e s u l t  f o r  t r a c h e i d  l e n g th  among seed  
so u rc e s  and th e  s i g n i f i c a n t  p l a n t a t i o n  v a r i a t i o n  would 
i n d i c a t e  t h a t  t r a c h e i d  l e n g th  o f  l o b l o l l y  p in e s  i n  
L o u is ia n a  i s  more s t r o n g ly  c o n t r o l l e d  by e n v iro n m en ta l
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f a c t o r s  th an  g e n e t i c s .  T h e r e f o r e ,  s e l e c t i o n  o f  i n d i v i d u a l  
t r e e s  r a t h e r  th a n  seed  s o u rc e s  would be a  more e f f i c i e n t  
means o f  o b ta in in g  g e n e t i c  g a in  i n  t h i s  t r a i t .
3. T here  i s  some p o s s i b i l i t y  t h a t  t h e  g e n e t i c  d i v e r s i t y  i n  
wood p r o p e r t i e s  o b se rv ed  i n  t h i s  s tu d y  may be a t t r i b u t e d  
to  s h o r t l e a f - l o b l o l l y  p in e  i n t r o g r e s s i o n .  S h o r t l e a f  p in e  
h a s  h ig h e r  s p e c i f i c  g r a v i t y  th a n  l o b l o l l y  p in e  and th e  
h ig h e r  s p e c i f i c  g r a v i t y  o f  t r e e s  from  t h e  Vernon (S) 
seed  so u rce  cou ld  i n d i c a t e  t h a t  more i n t r o g r e s s i o n  has  
o c cu r red  i n  t h a t  a r e a .  R e s u l t s  o f  t h i s  s tu d y  su p p o r t  
th e  ev id en ces  p r e s e n te d  by Hare and S w itz e r  (1969) f o r  
more f r e q u e n t  i n t r o g r e s s i o n  w i th  s h o r t l e a f  p in e  i n  
w e s te rn  th a n  i n  e a s t e r n  l o b l o l l y  p in e ,
4 . The d i f f e r e n c e s  i n  pe rfo rm ance  o f  seed  s o u rc e s  among th e  
t h r e e  p l a n t i n g  s i t e s  can be  a t t r i b u t e d  to  a  g r e a t  d e g re e  
t o  d i f f e r e n c e s  i n  r a i n f a l l  d i s t r i b u t i o n  among t h e  t h r e e  
p l a n t a t i o n s .  P r e c i p i t a t i o n  i n  De R id d e r  d u r in g  t h e  s p r in g  
and summer months was v e ry  much low er th a n  th e  p r e c i p i t a t i o n  
d u r in g  t h e  same p e r io d  i n  B ogalusa  and I d l e w i l d ,  w h ile  
autumn p r e c i p i t a t i o n  was h ig h e r  i n  De R id d e r  th a n  in  
B ogalusa and I d l e w i l d .  These  c o n d i t i o n s  have  fa v o re d  
p ro d u c t io n  o f  more la tew ood and n a rro w e r  g row th  r i n g s
i n  t r e e s  p la n te d  i n  th e  De R id d e r  p l a n t a t i o n  and more 
earlywood and w ider  a n n u a l  r i n g s  i n  t r e e s  i n  th e  B ogalusa
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and Id le w i ld  p l a n t a t i o n s .  F u r th e rm o re ,  th e  en v iro n m en ta l 
c o n d i t i o n s  a t  De R id d e r  were conduc ive  to  g r e a t e r  h e ig h t  
g row th  6 f  t r e e s  a t  t h i s  s i t e .
5. Autumn p r e c i p i t a t i o n  i s  c r i t i c a l  f o r  h e ig h t  grow th and 
and  ex tended  la tew ood p r o d u c t io n ,  w h ile  s p r in g  and 
summer p r e c i p i t a t i o n  have more e f f e c t  on d ia m e te r  growth 
and  earlywood p ro d u c t io n  in  l o b l o l l y  p in e  i n  s o u th e rn  
L o u i s ia n a .
6 . An i n c r e a s e  i n  p e rc e n ta g e  la tew ood , c e l l  w a l l  t h i c k n e s s ,  
and t r a c h e i d  l e n g th  w i l l  cause  an  i n c r e a s e  i n  s p e c i f i c  
g r a v i t y .  These wood p r o p e r t i e s  were found to  be h ig h ly  
p o s i t i v e l y  c o r r e l a t e d  i n  t h i s  s tu d y .
7. I n  t h e  p i t h  s e c t i o n ,  w id th  o f  a n n u a l  r i n g  was found t o  be 
c o r r e l a t e d  w ith  s p e c i f i c  g r a v i t y ,  t r a c h e i d  l e n g th ,  and 
c e l l  w a l l  t h i c k n e s s  b u t  no c o r r e l a t i o n  was found w ith  
t h e s e  p r o p e r t i e s  i n  the  b a rk  s e c t i o n .
8. Annual r i n g  w id th  i s  v e ry  h ig h ly  c o r r e l a t e d  w ith  
d ia m e te r  and h e i g h t .
S u g g e s t io n s  f o r  f u t u r e  s t u d y :
One o f  t h e  obvious a p p l i c a t i o n s  o f  th e  r e s u l t s  o f  t h i s  s tu d y  
i s  th e  u se  o f  t h e  S t .  Tammany seed  so u rc e  f o r  r e f o r e s t a t i o n  
i n  so u th e rn  L o u is ia n a .  T h i s  so u rce  grew  w e ll  a t  a l l  p l a n t i n g  
l o c a t i o n s  and had wood o f  h ig h  s p e c i f i c  g r a v i t y .  However, th e s e
e a r l y  r e s u l t s  cou ld  be m is le a d in g  and many changes may o ccu r  a s  
th e  p l a n t a t i o n s  m a tu re .  I t  would be w orthw h ile  t h e r e f o r e ,  to  
c o n d u c t  a  s im i l a r  s tu d y  a t  a  l a t e r  d a te  to  v e r i f y  w hether th e  
s l i g h t  s u p e r i o r i t y  o f  th e  S t .  Tammany so u rc e  i s  m a in ta in ed  a s  
th e  t r e e s  grow t o  h a r v e s t .  Some o th e r  c h a r a c t e r i s t i c s  which 
co u ld  b e  g iven  s p e c i a l  c o n s id e r a t i o n  i n  a  l a t e r  s tu d y  a r e  b o le  
s t r a i g h t n e s s ,  amount o f  com press ion  wood, and e x t r a c t i v e  c o n t e n t .
I n  g e n e r a l ,  t h e  g e n e t i c  v a r i a t i o n  i n  g row th  and  wood 
c h a r a c t e r i s t i c s  o f  t h e  f i v e  l o b l o l l y  p in e  s o u rc e s  was no t 
p ro n o u n ced . Only s p e c i f i c  g r a v i t y ,  annual r i n g  w id th ,  and c e l l  
d im e n s io n s  v a r ie d  among t h e  seed  s o u rc e s .  T o g e th e r  w ith  t r a c h e i d  
l e n g t h ,  th e s e  wood t r a i t s  were a l s o  s t r o n g l y  a f f e c t e d  by 
e n v iro n m e n ta l  f a c t o r s .  D iam eter and h e ig h t  g row th  r a t e  and 
p e r c e n t a g e  la tew ood d id  no t show any  s i g n i f i c a n t  g e n e t i c  o r  
e n v iro n m e n ta l  v a r i a t i o n  b u t  d i f f e r e n c e s  were a p p a r e n t .  I t  would 
be i n t e r e s t i n g  t o  i n v e s t i g a t e  t h e s e  d i f f e r e n c e s  by co n d u c tin g  
a  p ro g e n y  t e s t  o f  t h e  s e le c te d  t r e e s  i n  th e  d i f f e r e n t  seed 
s o u r c e s  t o  see  w h e th e r  th e s e  d i f f e r e n c e s  a r e  g e n e t i c a l l y  c o n t r o l l e d .
A nother i n t e r e s t i n g  a s p e c t  o f  s tu d y  would be to  i n v e s t i g a t e  
t h e  p o s s i b i l i t y  o f  i n t r o g r e s s i o n  w i th  s h o r t l e a f  p in e  in  th e  
w e s te r n  p o p u la t io n s  o f  l o b l o l l y  p in e  i n  L o u i s ia n a .
A no ther  s tu d y  m ight be d e s ig n e d  t o  i n v e s t i g a t e  th e  r e l a t i o n s h i p  
be tw een  s e a s o n a l  p r e c i p i t a t i o n  and  t e r m in a l  bud s i z e  o f  th e  
d i f f e r e n t  t r e e s  p l a n t e d  a t  th e  d i f f e r e n t  p l a n t a t i o n s  t o  d e te n a in e
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w h e th e r  th e  s i z e  o f  th e  buds formed h as  a  d i r e c t  I n f lu e n c e  
on t h e  number o f  grow th  f l u s h e s  i n  l o b l o l l y  p in e .  A lso ,  i t  
would be o f  i n t e r e s t  to  i n v e s t i g a t e  th e  e f f e c t  o f  m o is tu re  on 
t r a c h e i d  e lo n g a t io n  and d i f f e r e n t i a t i o n .
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VITA.
N ep ta le  Q. Zabala  was b o m  A ugust 15, 1936 i n  Lagonoy, Cam arines S u r ,  
P h i l i p p i n e s .  He re c e iv e d  th e  deg rees  o f  B.S. i n  F o r e s t r y  from th e  U n iv e r s i ty  
o f  th e  P h i l i p p i n e s  i n  1962 and M.S. (Range Management) from C o lo rado  S t a t e  
U n iv e r s i ty  i n  1965.
From 1963 to  1973, Z aba la  s e rv e d  a s  an I n s t r u c t o r  and A s s i s t a n t  P r o f e s s o r  
a t  th e  C o lle g e  o f  F o r e s t r y ,  U n iv e r s i t y  o f  the  P h i l i p p i n e s .  I n  1971, he  to o k  
an  e d u c a t io n a l  leave  and e n r o l l e d  in  th e  Ph.D. program  in  F o r e s t r y  a t  L o u is ia n a  
S t a t e  U n iv e r s i t y .
Z abala  i s  a  member o f  th e  A m erican S o c ie ty  o f  Range Management, th e  P h i l i p p i n e  
F o r e s t  R esearch  S o c ie ty  and s e v e r a l  o t h e r  p r o f e s s i o n a l  o r g a n i z a t i o n s .  He h a s  
a u th o re d  o r  c o -a u th o re d  s e v e r a l  r e s e a r c h  p u b l i c a t i o n s  in  f o r e s t r y  and range  
management.
He i s  m a r r ie d  to  th e  form Z enaida  Ocampo and i s  th e  f a t h e r  o f  fo u r  c h i l d r e n .  
Z aba la  and h i s  fam ily  r e s i d e  a t  th e  U n iv e r s i ty  o f  t h e  P h i l i p p i n e s ,  Los Banos, 
where he i s  p r e s e n t l y  an A s s o c ia te  P r o f e s s o r  o f  F o r e s t r y .
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